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PREFACE 


HE  aim  of  “Preliminary  Physiology”  is  to  afford  a 


systematic  study  of  the  functions  of  the  organs  of 
the  human  body.  The  endeavour  has  been  to  present 
the  leading  facts  of  Physiology  to  the  lay  reader  in  an 
expository  style,  with  free  reference  to  specimens  to  illus- 
trate the  features  of  structure.  Further,  the  several  ex- 
periments suggested  will  enable  students  to  verify  many 
of  the  facts  of  Physiology.  Frequent  repetition  occurs 
in  order  to  emphasize  the  connexions  of  structures  and 
functions. 

The  illustrations  for  this  book  have  been  prepared 
specially  to  help  the  teachings  of  the  text  and  have  not 
been  inserted  simply  to  multiply  illustrations.  Nearly 
the  whole  of  the  drawings,  diagrams,  and  photo-micro- 
graphs have  been  executed  from  specimens  prepared  to 
illustrate  the  structures  and  arrangements  of  parts  con- 
cerned. Students,  however,  are  urged  to  remember  that 
the  best  illustrations  in  science  teaching  are  but  feeble 
aids  compared  with  direct  observation  of  the  actual 
objects. 

This  work  is  adapted  to  meet  the  requirements  of  the 
First  Stage  Examinations  of  the  Board  of  Education,  the 
Oxford  and  Cambridge  Locals  (Senior),  College  of  Pre- 
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ceptors,  and  all  Preliminary  Examinations  in  Physiology. 
Students  preparing  for  Second  Stage  Examinations  will 
find  this  book  distinctly  helpful. 

The  author  has  followed  the  method  of  teaching  which 
has  proved  highly  successful  during  his  many  years  of 
experience  in  teaching  Physiology  and  the  allied  natural 
science  subjects  to  students  in  day  and  evening  classes. 
These  comprise  teachers  in  elementary  and  secondary 
schools  and  colleges,  students  in  training  for  cookery, 
physical  culture,  nurses,  and  others. 

Teachers  of  Physiology  using  this  book  in  their  classes 
will  find  the  suggestions  offered  for  practical  work  valu- 
able. They  are  strongly  recommended  to  use  fresh 
materials  for  illustrations  in  preference  to  prepared. 
Teachers  will  find  that  microscopical  demonstrations  of 
the  elementary  tissues,  the  circulation  of  the  blood,  and 
the  movements  of  the  living  substance — protoplasm — will 
create  real  interest  and  greatly  vivify  the  teaching  of 
Physiology. 

Without  attempting  to  teach  systematic  chemistry, 
the  chemical  and  physical  considerations  included  in  this 
book  will  be  useful  no  doubt  to  many  students. 

Most  of  the  technical  terms  employed  have  been  ex- 
plained in  the  text,  and  the  terms  in  the  Glossary  accord- 
ingly have  been  reduced. 

The  Appendix  contains  some  considerations  better 
adapted  to  this  position  in  the  book  than  a place  in  the 
text.  The  Examination  Questions  have  been  classified 
for  the  convenience  of  students  wishing  to  test  their 
knowledge  of  the  subject  in  sections. 

My  thanks  are  tendered  to  those  who  have  assisted  me 
in  the  preparation  of  “ Preliminary  Physiology  ”.  Most  of 
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the  illustrations  have  been  drawn  by  a valued  student 
of  Physiology,  Miss  J.  Ahlborn,  some  by  Miss  B.  E.  Nar- 
ramore,  Miss  A.  E.  Narramore,  my  friend  James  D.  Mac- 
phail,  and  my  assistant,  F.  J.  Haws,  F.C.S.  Mr.  Haws 
also  has  rendered  much  help  in  preparing  the  chapter 
on  “ Chemical  and  Physical  Preliminaries  ”. 

WM.  NARRAMORE. 

Devonia, 

Great  Crosby,  Lancs, 

1910. 
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CHAPTER  I 

INTRODUCTION 

Physiology  is  a branch  of  the  science  of  Biology,  which 
science  aims  at  understanding  the  laws  governing  the  form, 
structure,  and  activities  of  living  substance.  The  science  of 
Physiology  is  concerned  in  a study  of  the  functions  or 
uses  of  the  several  structures  which  comprise  the  living  body. 

There  is  the  Physiology  of  Plants  as  well  as  the  Physiology 
of  Animals ; the  latter,  however,  only  concerns  us  here. 
Chemistry  and  Physics  enter  largely  into  the  study  of  Physi- 
ology. These  tell  us  about  the  nature  and  properties  of  the 
substances  forming  the  body.  Again,  Anatomy  and  Histology, 
the  study  of  the  structures  and  arrangements  of  the  parts  and 
organs  of  the  body,  is  necessary  to  understand  rightly  the  teach- 
ings of  Physiology. 

The  animal  body  is  in  a condition  of  continual  activity,  even 
during  sleep.  Parts  of  the  body  obviously  move,  whilst  other 
parts,  apparently  still,  require  only  the  use  of  suitable  instru- 
ments to  demonstrate  movement.  To  sit,  to  stand,  or  walk,  to 
perform  the  acts  of  seeing,  hearing,  or  thinking,  all  involve 
changes  in  certain  tissues  of  the  body,  and  it  is  the  province 
of  the  science  of  Physiology  to  explain  these  changes. 

To  study  the  organs  of  the  body,  to  observe  their  form,  size, 
weight,  colour,  to  see  how  they  are  built  up  and  to  ascertain  the 
relation  of  one  organ  to  another,  apart  from  their  functional 
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activity,  is  not  Physiology  but  the  science  of  Anatomy.  It  is 
by  observation,  experiment,  and  deduction  that  we  gain  a 
knowledge  of  the  several  functions  of  the  body,  and  the  results 
of  this  knowledge  constitute  the  science  of  Physiology.  All 
matter,  dead  as  well  as  living,  possesses  energy.  Energy 
manifests  itself  in  work,  heat,  chemical  and  electrical  forces, 
and  Physiology  aims  to  explain  how  this  energy  is  set  free 
and  to  account  for  the  conditions  calling  it  into  action.  Physi- 
ology is  always  demanding  to  know  how  things  are  done, 
and  for  what  reason  they  are  performed.  These  two 
questions  must  be  emphasized  and  held  distinctly  apart  in 
the  study  of  the  functions  of  the  living  body.  The  question, 
How  a thing  is  done  can  only  be  safely  answered  when  we 
have  a knowledge  of  the  structure  of  the  organ  concerned 
and  are  able  to  follow  the  chemical  and  physical  processes 
involved.  Why  a function  is  discharged  by  a particular  organ, 
the  heart  or  the  lungs,  must  be  answered  by  realizing  the 
needs  of  the  living  organism  and  its  relation  to  its  environ- 
ment, Anatomy,  the  science  of  structure,  can  be  followed  by 
observation  and  dissection.  Physiology,  the  science  of 
function,  must  be  thought  out  from  observation,  compari- 
son, and  experiment. 

The  following  chapters  aim  at  giving  a preliminary  study  of 
the  human  body  and  its  functions.  Much  of  the  teaching 
should  be  supplemented  by  means  of  the  examination  and  dis- 
section of  organs  obtained  from  the  lower  animals,  and  also  by 
observing  the  activities  of  the  living  body. 


CHAPTER  II 
PROTOPLASM 

Protoplasm,  meaning  the  first  substance,  is  the  name 
applied  to  the  living,  active,  growing  substance  possessed 
by  all  organisms.  Its  physical  appearance  as  well  as  some 
of  its  attributes  can  be  readily  studied  by  the  examination  of 
certain  lowly  forms  of  animals  and  plants.  In  the  water,  from 
a pond  or  ditch  containing  decaying  plants,  are  often  found  micro- 
scopic animals  known  as  the  Amoeba  and  the  Vorticella.  A 
careful  study  of  these  organisms  will  serve  as  an  introduction  to 
this  living  substance  protoplasm.  Place  a drop  of  water  from  such 
a source  on  a glass  slip,  cover  it  with  a thin  coverglass  and  ex- 
amine it  under  the  microscope.  The  Amoeba,  when  magnified, 
say  200  diameters,  will  be  about  a quarter  to  half  an  inch  across, 
irregular,  nearly  colourless,  semi-fluid,  and  granular  look- 
ing. The  granular  portion  is  inside  a pale,  thin  boundary  line. 
In  the  midst  of  the  granular  portion  is  an  oval,  or  rounded,  and 
a firmer  looking  body,  named  the  nucleus.  The  body  sub- 
stance is  alive;  it  thrusts  out  portions  and  withdraws  others,  being 
susceptible  to  bodies  coming  in  contact  with  it.  The  substance 
shows  motion  of  parts  ; it  also  exhibits  slow  movement  from 
place  to  place  or  locomotion . By  pushing  out  and  withdrawing 
portions  of  the  body  substance  it  performs  the  action  of  arms 
and  legs.  This  lowly  organism  takes  in  particles  of  food  and 
digests  them.  The  body  is  nourished,  it  grows,  and  sooner 
or  later  divides  into  two,  and  in  this  way  multiplies  its  kind. 

Next  observe  the  Vorticella  or  Bell-animal  in  the  same  water, 
and  note  how  the  form  of  this  microscopic  organism  gives  rise 
to  its  name.  It  is  not  irregular  like  the  Amoeba,  but  has  the 
appearance  of  a small  bell  on  a long  handle.  It  is  semi- 
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fluid  and  granular  looking,  and  in  the  midst  of  the  granular 
portion  there  is  a long,  curved  nucleus.  The  bell  shape  of 
the  body  is  maintained  by  a delicate,  skin-like  structure.  Around 
the  rim  of  the  bell  and  elsewhere  are  to  be  seen  fringes  of 
living  substance  like  fine,  colourless  hairs,  named  cilia,  from 
their  fancied  resemblance  to  eyelashes.  The  bell-animal  is 
very  susceptible  to  any  vibration  of  the  stage  of  the  micro- 
scope, or  when  any  minute  body  touches  it.  It  will  then  con- 
tract and  close  in  the  bell,  and  the  stem  will  curl  like  a spiral 
thread.  Its  appearance  is  completely  altered,  but  it  quickly 
recovers  and  resumes  the  bell-like  form. 


Fig.  2. — Amoeba  (highly  magnified). 
a,  Nucleus  ; b,  Contractile  vesicle. 


Students  of  science  have  gained  much  information  from  ob- 
servations made  on  these  two  organisms.  The  living  substance 
is  semi-fluid  and  contains  few  or  many  granules,  it  encloses 
a firmer  body,  the  nucleus.  The  living  substance  or  pro- 
toplasm manifests  movement,  by  extension  and  retraction 
of  portions  of  its  body  and  also  by  the  lashing  of  fine  pro- 
cesses of  the  protoplasm,  cilia.  It  takes  in  substances  by 
way  of  food,  in  virtue  of  which  it  grows  and  multiplies. 
These  and  other  things  we  know  about  the  physical  and 
physiological  side  of  the  living  substance. 


FIG,  3. — VORTICELLA.  SEMI-DIAGRAMMATIC 


CHAPTER  III 


CELLS  AND  TISSUES 

An  animal  such  as  the  Amoeba  or  the  Vorticella  may  be 
defined  as  a microscopic  body  of  protoplasm  enclosing  a smaller 
body,  the  nucleus.  Each  animal  is  a single  cell  or  a unicellu- 
lar organism.  Every  animal  begins  life  as  a cell,  that  is,  as  a 
microscopic  mass  of  protoplasm  enclosing  a nucleus.  This 
single  cell  lives,  grows,  and  divides  to  form  a number  of  cells. 
These  cells  change,  alter,  and  differentiate  into  structures 
named  tissues,  and  the  complex  bodies  of  higher  animals  are 
thus  built  up. 

CELLS.  In  the  animal  body  are  found  many  kinds  of 
cells,  and  it  is  interesting  to  note  that  there  are  cells  which 
resemble  the  Amoeba,  for  instance,  the  colourless  cells  of  the 
blood  and  lymph.  These  cells  move  just  like  the  Amoeba,  and 
the  movement  of  these  cells  has  been  termed  amoeboid. 
There  are  also  cells  with  cilia  found  in  the  breathing  tubes 
and  elsewhere  in  the  body,  and  these  ciliated  cells  may  be 
compared  to  the  bell-animal. 

Cells  play  an  all-important  part  in  the  various  func- 
tions of  the  body,  and  their  study  requires  the  aid  of  a 
microscope. 

TISSUES.  To  become  acquainted  with  the  structures  or 
tissues  of  the  body,  an  examination  and  dissection  of  a piece 
of  fresh  meat  is  helpful.  A thin,  transparent  membrane,  smooth 
and  moist,  covers  the  flesh.  It  also  passes  into  the  midst  of  the 
flesh,  and  in  case  of  fatty  tissue  a similar  membrane  binds  the 
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Stratified. 


Columnar. 


Colourless  blood  cells — globular  and 
amoeboid  ( x 600). 


Fig.  4. — Epithelial  cells  and  blood  cells. 


DIVISION  INTO  TWO. 
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Striated  muscle  Elastic, 

fibres. 


Fig.  6. — Tissues. 
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mass  together.  Examined  by  the  aid  of  the  microscope  the 
tissue  is  seen  to  be  made  up  of  branching  cells  and  fine 
fibres.  The  fibres  are  in  bundles  which  cross  and  recross 
in  several  directions.  The  tissue  is  known  as  Connective 
tissue,  and  it  serves  to  support,  connect,  and  bind  other 
structures  together.  Connective  tissue  sometimes  has  elastic 
fibres  in  its  web  and  it  then  becomes  more  or  less  elastic. 
Elastic  tissue  is  present  in  the  skin,  the  lungs,  and  in  other 
parts  of  the  body. 

TENDON  is  a compact  form  of  connective  tissue. 
Tendons,  as  strong  bands  and  cords,  serve  to  fasten  muscles 
to  bones.  Ligaments  of  tough,  fibrous,  connective  tissue  are 
found  binding  bones  together. 

Cartilage,  also  a kind  of  connective  tissue,  is  found  at  the 
ends  of  bones  which  form  perfect  joints.  Cartilage,  as  well  as  a 
whitish,  flexible  structure,  connects  the  ribs  to  the  breast-bone  and 
joins  the  bones  of  the  vertebral  column.  Microscopically,  cartilage 
is  made  up  of  cells  and  fibres.  In  the  course  of  the  development 
of  the  body,  much  of  the  cartilage  first  formed  is  changed  into 
a dense,  hard  form  of  connective  tissue  and  becomes  bone. 
Bone  is  a tissue  composed  of  cells,  fibres,  and  much  mineral 
substance.  Covering  the  bones  is  the  flesh,  or  Muscular 
tissue,  and  accompanying  the  muscular  structures  are  fine, 
whitish-looking  fibres  belonging  to  the  Nervous  tissue.  There 
is  present,  also,  more  or  less  of  fatty  or  Adipose  tissue.  This 
is  composed  of  minute  bladders  or  cells  containing  fat  or  oily 
substance.  Blood  vessels  present  belong  to  the  Vascular 
tissue. 

From  these  considerations,  we  gather  that  cells  may  mass 
together  and  form  cellular  tissue  ; or  cells  and  fibres  associated 
together  go  to  form  connective  tissues  and  serve  several 
functions.  Further,  by  the  alteration  and  differentiation  of 
cells,  muscular,  nervous,  and  vascular  tissues  are  formed. 

Tissues  are  structures  which  are  found  making  up  parts 
of  the  body  known  as  organs.  Organs  have  distinct  uses  or 
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functions  to  perform.  The  heart  and  blood  vessels  are  the 
organs  of  circulation  ; the  lu'ngs  are  the  organs  of  respiration. 
Physiology  comprises  the  study  of  the  functions  of  the  organs 
of  the  body,  and  a knowledge  of  the  structures  or  tissues  is 
essential  to  the  proper  understanding  of  the  functions. 


CHAPTER  IV 


CHEMICAL  AND  PHYSICAL  PRELIMINARIES 

Students  of  Physiology  will  find  it  necessary  to  have  definite 
meanings  attached  to  the  use  of  certain  terms  often  occurring 
in  the  explanation  of  the  functions  of  the  body.  To  have  an 
elementary  knowledge  of  certain  physical  and  chemical  actions 
constantly  taking  place  in  the  tissues  and  organs  of  the  body, 
it  is  essential  that  this  chapter  be  devoted  to  a brief  explanation 
of  such  terms  and  actions. 

MATTER  is  used  to  mean  “ anything  perceptible  to 
the  senses ; that  of  which  the  whole  sensible  universe 
is  composed  ”,  Thus  employed  it  includes,  and  is  restricted 
to,  everything  which  possesses  weight  and  occupies  space. 
Since  all  substances  existing  as  solid,  liquid,  or  gas  occupy  a 
certain  space,  this  amount  of  space  is  termed  its  volume. 

Every  particle  of  matter  will  attract  every  other  particle  of 
matter  in  whatever  state  it  exists ; this  attraction  is  named  the 
Law  of  Gravitation.  One  result  of  this  attraction  is  the 
downward  pressure  a substance  exerts  on  whatever  may 
support  or  prevent  it  from  falling  to  the  earth ; this  pressure 
is  termed  the  weight  of  the  matter. 

All  matter,  dead  as  well  as  living,  possesses  energy  or  power 
to  do  work.  Energy,  so  far  as  is  known,  may  exist  apart 
from  matter,  but  matter  is  not  known  apart  from  energy.  The 
sciences  of  Physics  and  Chemistry  have  to  deal  with  certain 
of  the  properties  of  matter  and  of  energy  and  of  the  changes 
which  they  undergo. 
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We  are  aware  thapthe  various  materials  making  up  the  earth 
on  which  we  live  differ  considerably  one  from  another,  and  for 
convenience  may  be  classified  according  to  their  different 
chemical  and  physical  properties.  The  chemist  recognizes  all 
matter  as  made  up  of  chemical  elements,  of  which  there  are 
upwards  of  seventy  now  known.  These  are  known  as  elementary 
bodies  because  they  cannot  be  simplified.  Some  thirteen  of 
these  elements  are  commonly  found  in  the  body,  viz.  : hydro- 
gen, oxygen,  nitrogen,  carbon,  sulphur,  phosphorus,  sodium, 
potassium,  chlorine,  calcium,  magnesium,  iron,  and  fluorine. 
These  do  not  usually  exist  as  elements  in  the  body,  but  unite 
with  one  another  to  form  compounds.  A recognition  of  the 
chief  properties  of  these  elements  is  now  essential. 

HYDROGEN  is  a colourless,  odourless  gas  ; the  lightest  sub- 
stance known.  It  is  only  very  slightly  soluble  in  water,  and  there- 
fore may  be  collected  over  water  or  by  upward  displacement. 
Hydrogen  combines  readily  with  oxygen,  and  when  mixed  with 
half  its  volume  of  oxygen,  it  may  be  exploded,  the  sole  product 
being  water. 

OXYGEN  is  a colourless  gas  with  neither  taste  nor  smell,  and 
not  very  soluble  in  water.  It  unites  with  most  of  the  elements 
directly,  forming  oxides  ; this  union  is  often  accompanied  with 
an  evolution  of  light  and  always  with  that  of  heat,  On  the 
other  hand,  substances  may  be  oxidized  without  evolution  of 
light,  but  never  without  evolution  of  heat.  Animals,  in 
breathing  air,  convey  oxygen  into  their  blood,  where  the  com- 
pounds of  carbon  and  hydrogen  are  oxidized  and  animal  heat 
is  thereby  produced.  Similarly,  the  small  amount  of  dissolved 
oxygen  in  water  is  sufficient  to  provide  fishes,  frogs,  and  other 
forms  of  life  with  means  of  sustaining  respiration.  The  presence 
of  a certain  percentage  (2 1 per  cent)  of  oxygen  in  the  atmosphere, 
allows  animal  respiration  to  take  place  with  the  right  rapidity  of 
oxidation  ; in  the  absence  of  oxygen,  animals  soon  die,  whereas 
if  pure  oxygen  be  breathed,  too  rapid  oxidation  takes  place  and 
a state  of  fever  results. 
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AIR  is  a mixture  of  oxygen  and  nitrogen,  with  traces  of 
carbon  dioxide,  water  vapour,  ammonia,  and  organic  matters. 

When  analysed  it  is  found  to  consist  of  (approximately) — 

Oxygen,  23  per  cent  by  weight ; 21  per  cent  by  volume. 

Nitrogen,  77  „ „ 79  » „ 

NITROGEN  is  a colourless,  odourless,  tasteless  gas,  nearly 
insoluble  in  water.  It  constitutes  about  four-fifths  of  the 
volume  as  well  as  of  the  weight  of  the  air.  If  breathed  apart 
from  oxygen  it  does  not  sustain  life.  Nitrogen  serves  as  a 
dilutant  of  the  oxygen  of  the  air. 

CARBON  exists  in  several  forms  of  varying  purity  in  sub- 
stances as  diamond,  graphite,  charcoal,  and  others.  Carbon 
burns  when  heated  strongly  in  oxygen,  forming  carbon  dioxide 
(C02),  and  under  other  conditions  it  forms  carbon  monoxide 
(CO).  Carbon  enters  into  the  composition  of  all  animal  and 
vegetable  tissues,  and  as  the  compounds  of  carbon  with  hydrogen, 
and  their  derivatives  are  so  very  numerous,  they  have  been  separ- 
ated into  an  important  branch  of  Chemistry  known  as  “ Organic 
Chemistry  The  presence  of  carbon  in  these  “organic” 
substances  may  usually  be  shown  by  burning.  If  further 
heated,  the  charred  mass  gives  off  C0.2  gas,  which  is  the  result  of 
the  burning  of  the  carbon  present.  Its  evidence  in  expired  air 
is  shown  by  the  precipitation  of  lime  water  forming  carbonate 
of  lime, 

SULPHUR  is  the  well-known  yellow  brittle  solid,  insoluble  in 
water.  It  is  found  in  the  body  combined  with  other  elements 
such  as  carbon,  hydrogen,  and  oxygen  forming  proteid  substances. 
Sulphur  is  also  evident  in  decomposition  products  in  the  ali- 
mentary canal. 

PHOSPHORUS,  like  sulphur,  similarly  occurs  in  many  of  the 
complex  compounds  found  in  the  body.  It  is  a very  important 
constituent  of  brain  and  nervous  tissue. 

SODIUM  and  POTASSIUM  are  two  important  elements 
which  only  occur  in  nature  as  compounds,  such  as  sodium 
chloride  (NaCl)  or  common  salt  and  potassium  chloride  (KC1). 
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Both  elements  unite  directly  with  water  forming  hydroxides  or 
hydrates,  known  respectively  as  sodium  hydrate  (NaOH)  and 
potassium  hydrate  (KOH),  or  caustic  soda  and  caustic  potash. 
The  solution  is  said  to  be  “ alkaline  ” ; the  name  alkali  is  often 
applied  to  these  hydroxides,  and  the  metals  are  called  the  metals 
of  the  alkalies. 

CHLORINE  at  the  ordinary  temperature  is  a yellowish  green 
gas  with  a disagreeable  smell ; it  is  sparingly  soluble  in  water, 
to  which  it  imparts  its  smell  and  colour.  It  combines  directly 
with  most  other  elements,  especially  with  hydrogen,  forming  HC1. 
It  exists  in  the  body  as  chloride,  sodium  chloride,  NaCl ; hydro- 
gen chloride  or  hydrochloric  acid,  HC1. 

CALCIUM  is  a metal  and  is  widely  distributed  in  nature  as 
limestone.  It  exists  in  the  composition  of  bone  as  phosphate  of 
lime  Ca3(P04)2  and  carbonate  of  lime  (CaC03).  Calcium  or 
lime  salts  also  occur  in  minute  quantity  in  the  blood  and  in 
certain  excretory  products. 

MAGNESIUM  is  a metal,  and  in  combination  is  widely  found 
in  nature.  It  exists  in  small  quantities  in  the  body. 

IRON,  although  found  in  comparatively  small  quantities  in  the 
body,  is  a very  important  constituent  of  the  red  colouring  matter 
of  the  blood. 

In  order  to  avoid  writing  the  names  of  the  chemical  elements 
at  full  length,  a kind  of  chemical  shorthand  has  been  devised. 
These  symbols,  as  they  are  termed,  are  frequently  the  first  letter 
of  the  name  ; sometimes  two  letters.  Symbols  have  still  a further 
meaning ; they  represent  definite  quantities  of  the  elements 
represented. 

Many  of  the  elements  when  heated  suffer  change.  Other 
substances  suffer  change,  and  when  their  temperature  is  suffici- 
ently raised  they  decompose  into  two  or  more  different  kinds 
of  matter,  as  elements  and  compounds.  A compound  when 
heated  does  not  always  decompose  into  its  constituent  elements, 
but  often  into  simpler  compounds,  which  may  be  in  turn  reduced 
into  the  elements  of  which  they  are  composed. 
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ELEMENTS  not  only  combine  with  one  another,  but  with 
compounds,  and  further,  compounds  may  combine  with  one 
another.  Water,  which  is  formed  by  the  union  of  the  two 
gases  hydrogen  and  oxygen — both  of  which  are  elements — is  a 
compound  which  is  liquid  at  the  ordinary  temperature.  Com- 
mon salt  consists  of  the  solid  metal  sodium  and  the  gaseous 
element  chlorine,  which  combine  and  form  the  white  crys- 
talline solid, 

CARBOHYDRATES,  such  as  sugar  and  starch,  consist  of 
carbon  with  the  elements  of  water,  H and  O,  while  the  P rote  ids 
found  in  the  body  are  compounds  of  C,  H,  O,  N,  S,  and  P,  and 
have  been  formed  by  the  union  of  other  compounds  and 
their  elements,  As  a rule,  the  compound  formed  does  not 
resemble  in  physical  properties  the  elements  of  which  it  is  com- 
posed. 

A list  of  the  commoner  elements  and  their  symbols  are  given 
in  the  APPENDIX,  and  when  the  student  has  become  familiar 
with  them,  they  may  be  used  to  denote  compounds  by  placing 
the  symbols  together.  If  two  symbols  are  placed  side  by  side, 
it  indicates  that  the  two  elements  are  chemically  combined  to 
form  a compound,  e.g.,  CaO  represents  calcium  oxide,  lime  ; 
C02  represents  carbon  ^/oxide,  and  so  on.  These  double  sym- 
bols are  known  as  formulae  (sing.,  formula),  and  by  means  of 
these  we  can  express  nearly  all  chemical  reactions  in  equa- 
tions : — 

HC1  + NaOH  = NaCl  + HOH  (or  H20) 

Hydrochloric  Caustic  Sodium  Water 

Acid  Soda  Chloride 

From  the  above  equation  it  will  be  seen  that  a chemical 

formula  not  only  expresses  the  nature  of  the  elements  that 
compose  the  compound,  but  also  the  relative  proportions  by 
weight  in  which  the  elements  are  present.  Thus  the  symbol 
of  an  element  represents  one  atom  and  the  formula  of  a com- 
pound represents  one  molecule.  By  using  the  table  of  atomic 
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weights  it  is  now  possible  to  calculate  the  weights  of  materials 
used  in  chemical  reactions,  for  example  : If,  in  the  above 
equation,  we  obtained  10  grms.  of  common  salt,  how  much 
hydrochloric  acid  (by  weight)  would  have  to  be  used  ? Then  by 

the  above  equation  and  table  of  atomic  weights  : 

1 + 35'S  + 23  + 16  + 1 = 23  + 35-5  + r + r6  + ! (or>  2 + l6) 
HC1  NaOH  NaCl  HOH 

= 36'5  + 4°  58-5  + 18 


or, 

36-3  parts  (grammes,  ounces,  or  tons)  of  hydrochloric  acid  and 
40  parts  of  caustic  soda  produce  58-5  parts  of  common  salt  and 
18  parts  of  water.  Finally,  if  58-5  grms.  of  salt  are  produced 

from  36-5  grms.  of  HC1,  what  amount  of  HCI  will  produce  10 
grms.  ? 

= 58‘5  : 10  : : 36-5  :x  ( = 6-23) 

In  the  animal  body  are  found  a series  of  chemical  com- 
pounds grouped  together  forming  what  are  known  as  proximate 
principles. 


T.  hese  are  best  classified  as  follows  1 


Inorganic  < 


' Water  (consisting  of  the  elements  H and  O). 
Mineral  salts,  namely,  calcium  phosphate  (Ca, 
P,  and  O) ; calcium  carbonate  (Ca,  C,  and 
O) ; sodium  carbonate  (Na,  C,  and  O)  ; 
sodium  chloride  (Na  and  Cl)  ; sodium  phos- 
phate (Na,  P,  and  O) ; potassium  chloride 

(K  and  Cl) ; potassium-hydrogen-phosphate 

(K,  H,  P,  and  O) ; iron  (Fe)  ; magnesium 
• (Mg). 


Organic 


f Pr°teids  (existing  as  albumen,  fibrin,  globulin, 
etc.,  and  consisting  of  the  elements  C H O 
N,  S,  and  P).  ’ * 

Carbohydrates  (e.g.,  glycogen  or  animal  starch, 
C,  H,  O). 


> Fats  (C,  H,  and  O). 


CHAPTER  V 


THE  BODY  : ITS  DIVISIONS  AND  GENERAL 
ARRANGEMENT  OF  PARTS 

The  divisions  of  the  human  body  are  head,  neck,  trunk,  and 
upper  and  lower  limbs.  A vertical  section  of  the  body  from 
top  to  bottom  shows  it  to  have  similar  parts  laterally.  The 
body,  therefore,  is  referred  to  as  being  bilaterally  symmetrical. 
Such  a section  further  demonstrates  that  the  back  or  dorsal 
part,  besides  being  formed  of  a series  of  small  bones  one  on  top 
of  another,  the  vertebral  column,  encloses  a vertebral  canal. 
This  canal  opens  widely  at  the  top  and  is  bounded  by  the 
large  skull  bones.  Thus  the  back  or  dorsal  part  of  the  body  has 
a continuous  cavity,  large  above  and  enclosing  the  brain  ; narrow 
below  enclosing  the  spinal  marrow. 

The  front  or  ventral  part  of  the  body  reveals  a small  upper 
cavity,  the  mouth,  and  below  this  a large  ventral  division.  The 
latter  is  divided  by  a horizontal  partition,  the  midriff  or 
diaphragm,  into  an  upper  portion,  the  chest  or  thorax,  and  a 
lower  division,  the  abdomen.  The  ventral  cavities  contain  a 
number  of  organs  which  are  engaged  in  carrying  on  the  work  of 
the  body.  The  functions  of  these  organs  are  controlled  by  the 
central  nervous  system,  the  brain  and  spinal  cord,  which  is 
lodged  in  the  dorsal  region  of  the  trunk,  and  by  the  sym- 
pathetic nervous  system,  which  forms  a double  chain  in  front 
of  the  vertebrae  from  the  neck  region  to  the  bottom  of  the 
abdominal  cavity. 

On  the  ventral  or  front  side  of  the  body  is  a long  tube,  the 
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THE  BODY:  ITS  DIVISIONS 


alimentary  canal,  in  which  the  digestive  processes  are  carried 
on.  This  tube  begins  with  the  mouth  entrance  which  leads  to 
the  pharynx  and  gullet,  and  at  the  lower  end  the  gullet  opens 
out  into  a wide,  bag-like  portion,  the  stomach.  The  stomach 
is  lodged  in  the  abdomen  below  the  diaphragm  ; it  is  continued 
as  a long,  tubular,  intestinal  canal,  which  occupies  a large 
space  in  the  abdomen.  The  intestinal  canal  is  coiled  upon  it- 
self several  times  and  at  its  lower  end  terminates  in  the  anal 
outlet.  Associated  with  the  alimentary  canal  are  glands  which 
open  into  it  by  means  of  tubes  or  ducts.  At  its  beginning  the 
salivary  glands  open  into  the  mouth.  In  the  abdomen  the 
liver  and  the  pancreas  have  ducts  leading  into  the  first  division 
of  the  intestinal  portion  of  the  alimentary  canal.  The  liver  is 
a large,  dark  red  organ  immediately  below  the  diaphragm,  and 
the  pancreas  is  a loose,  lobulated  structure  situated  below  the 


stomach. 

From  the  foregoing  it  will  be  seen  that  nearly  the  whole  of 
the  structures  concerned  in  digestion  are  situated  in  the  ab- 
dominal portion  of  the  ventral  cavity.  The  abdomen  is  bounded 
above  by  an  arch  formed  by  the  diaphragm,  at  the  bottom 
by  the  hip-bones,  these  forming  a kind  of  basin,  the  pelvis, 
whilst  the  back  of  the  abdomen  is  bounded  by  a portion  of  the 
back-bone,  and  the  sides  and  front  by  muscles  and  skin. 

In  the  abdominal  cavity,  in  addition  to  the  organs  of  diges- 
tion, are  found  the  two  kidneys,  situated  against  the  back  and 
right  and  left  of  the  vertebral  column.  By  ducts,  the  kidneys 
are  connected  with  a pear-shaped  bag,  the  bladder,  which  is 
placed  in  the  pelvis  at  the  bottom  of  the  abdomen.  Another 
organ,  the  spleen,  is  found  near  the  stomach  on  the  left  side 
of  the  abdomen.  The  whole  of  the  interior  of  the  abdominal 
cavity  is  lined  by  a smooth,  thin  membrane,  the  peri- 
toneum, This  membrane,  besides  lining  the  cavity,  is  re- 
flected over  all  the  organs  contained  in  the  abdomen.  A smooth 
and  moist  outer  surface  to  all  parts  is  thus  provided. 

The  upper  division  of  the  ventral  cavity  is  the  thorax.  It 
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is  bounded  by  the  back-bone,  the  ribs,  and  breast-bone,  and 
the  floor  is  formed  of  the  convex  upper  surface  of  the 

diaphragm,  Muscles  and  skin  cover  the  bony  walls.  The 
thorax  contains  the  important  organs  of  circulation  and  res- 
piration ; the  heart  and  the  larger  blood  vessels  occupy  nearly 
a central  position,  whilst  the  two  lungs  fill  in  the  remainder  of 
the  cavity  of  the  thorax.  The  thorax,  like  the  abdomen,  is 
lined  by  a layer  of  smooth,  moist  membrane,  which  is  re- 
flected over  the  lungs  and  heart  and  known  as  the  pleura  and 
pericardium  respectively. 

The  appendages  or  limbs,  the  arms  and  legs,  are  alike  in 
having  similar  parts  : the  upper  and  the  lower  divisions,  and 
the  hand  or  foot.  The  upper  limbs  are  variously  modified  in 
vertebrate  animals  to  serve  diverse  purposes  ; in  man  they  are 
essentially  organs  of  prehension.  On  the  other  hand,  the 
lower  limbs  are  adapted  to  support  and  locomotion,  The 
appendages  of  the  body  are  practically  solid  structures  com- 
pared with  the  trunk.  They  have  long  bones  in  the  midst  of 
masses  of  muscles,  and  these  enclosed  by  fat  and  skin.  Where- 
as in  the  trunk  the  bones  form  a framework,  covered  with 
muscles  and  skin,  enclosing  cavities  which  contain  various 
organs. 

Man  viewed  as  an  erect  animal.  We  note  that  the  skull 
is  perfectly  balanced  at  the  top  of  a series  of  bones,  forming  the 
vertebral  column.  The  base  of  this  column  is  embraced  by  a 
strong,  broad  girdle  of  bones,  through  the  medium  of  which  the 
weight  of  the  body  is  transferred  to  the  lower  limbs.  The 
upper  limbs  are  attached  to  the  trunk  in  a loose  manner,  allow- 
ing great  freedom  of  the  arms  for  the  purposes  of  prehension. 

The  broad  features  of  the  parts  of  the  body  and  their  arrange- 
ment here  sketched  will  serve  as  an  introduction  to  the  detailed 
descriptions  of  the  subsequent  chapters. 
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THE  SKELETON 

The  skeleton  of  a mammal  is  internal,  like  all  members  of 
the  large  division  of  animals  known  as  the  vertebrate  animals — 
and  man  belonging  to  this  division  has  an  internal  bony  frame- 
work, This  is  covered  by  masses  of  red  flesh,  the  muscles, 
and  these  are  further  clothed  with  skin.  The  skin  again  has 
a partial  covering  of  hairs,  and  the  ends  of  the  fingers  and  toes 
are  modestly  protected  with  horny  nails. 

The  skeletons  ofall  mammals,  animals  which  suckle  their 
young,  are  built  on  the  same  plan.  A brief  examination  of  the 
skeletons  of  a number  of  animals  in  a museum  will  readily 
satisfy  the  mind  on  this  important  fact.  Moreover,  it  will  be 
seen  that  the  bony  framework  is  similarly  divided  throughout. 
The  head,  neck  and  trunk,  a number  of  ribs  and  two  pairs  of 
limbs.  Each  limb,  arm  or  leg,  has  three  divisions.  The  limbs 
are  adapted  for  support,  prehension,  and  locomotion.  A skele- 
ton prepared  and  free  from  all  other  structures  is  seen  to  be 
composed  of  a number  of  dry  bones,  of  different  forms  and 
variously  joined  together.  For  convenience  of  description 
consider  the  skull,  trunk,  and  limbs. 

The  skull-bones  include  two  divisions  : — 

(a)  The  cranial  division  of  eight  bones  enclosing  the 
brain. 

{b)  The  facial  division  of  fourteen  bones. 

The  bones  enclosing  the  brain  are  firmly  held  together  by 
irregular,  toothed  edges,  dovetailing  one  into  another,  or  the  thin 
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edges  of  one  bone  lapping  over  that  of  another.  These  unions 
are  named  sutures,  meaning  a stitching. 

The  eight  cranial  bones  are : — 

4 single — i Frontal,  i Occipital,  i Ethmoid,  i Sphenoid. 

4 in  two  pairs — 2 Temporal,  2 Parietal. 

The  fourteen  bones  of  the  face  (facial)  are  : — 

2 single — I Inferior  Maxillary,  1 Vomer. 

12  in  six  pairs — 2 Superior  Maxillary,  12  Palate,  2 Malar, 
2 Nasal,  2 lachrymal,  2 Inferior  Turbinated. 

ReferenceTsKould  be  made  to  the  positions  of  these  bones  by 
an  examination  of  the  human  skull.  The  following  brief 
description  will  indicate  the  positions. 

The  Frontal  bone  forms  the  forehead  and  the  upper 
boundaries  of  the  eye-sockets.  The  Parietals  form  the  side 
walls  and  crown  of  the  skull.  They  are  joined  along  the 
middle  line  above.  The  Occipital  occupies  the  back  and 
base  of  the  cranium.  It  has  a large  opening  bounded  by  two 
condyles.  The  condyles  articulate  with  the  first  vertebra. 
The  large  opening  allows  of  the  connexion  of  the  spinal  cord 
with  the  brain.  The  Temporal  bones  are  at  the  sides  of  the 
skull.  They  contain  the  organs  of  hearing  in  the  deep  por- 
tions. The  Ethmoid  bone  is  situated  between  the  brain  and 
nasal  cavities.  The  perforated  portion,  or  cribriform  plate, 
allows  of  the  passage  of  the  nerves  of  smell.  The  Sphenoid 
is  a very  irregular,  wedge-shaped  bone,  locking  together  the 
bones  of  the  face  and  cranium.  It  forms  a portion  of  the  base 
and  sides  of  the  skull. 

The  eight  cranial  bones  are  mainly  broad  and  concave, 
irregular  in  outline,  and  firmly  joined  together  to  form  a strong 
case  for  the  brain.  Many  openings  for  the  passage  of  nerves, 
and  lines  of  impression  of  the  blood  vessels,  may  be  noticed  on 
the  inside  of  the  bony  case. 

The  facial  bones,  fourteen  in  number,  of  which  the  two 
Superior  Maxillary  bones  form  a considerable  portion  of  the 
face.  They  join  along  the  middle  line  of  the  face  to  form  the 
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upper  jaw,  which  contains  sockets  for  the  lodgment  of  the  upper 
teeth. 

The  Inferior  Maxilla  or  lower  jaw  has  a roughly  horseshoe- 
shaped body  in  which  are  lodged  the  lower  teeth.  From  the 
extreme  ends  of  the  body,  the  vertical  portions  or  ascending 
rami,  go  to  form  articulations  with  the  temporal  bone.  The 
articulation  of  the  lower  jaw  permits  of  an  up-and-down  or 


vertical  movement,  and  a side-to-side  or  lateral  movement, 
employed  in  mastication. 

Two  Nasal  bones  form  the  bridge  of  the  nose;  and  two 
Lachrymal  bones  occupy  the  inner  corners  of  the  eye-sockets. 
Two  malar  or  cheek-bones  form  the  lower  front  portions  of  the 
eye-orbits.  Two  Palate  bones  form  the  bony  roof  of  the 
mouth  and  the  floor  of  the  nasal  cavities.  The  Vomer  is  a 
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vertical  plate  of  bone  between  the  two  nasal  cavities.  In  the 
lower  part  of  the  nasal  cavities  are  two  twisted,  scroll-like  bones, 
the  Turbinated.  Above  the  turbinated  bones  are  scroll-like 
arrangements  of  bone,  named  middle  and  superior  turbin- 
ated, whilst  the  lower  bony  structures  are  named  inferior  tur- 
binated bones.  These  complex  structures  have  important  uses 
in  the  function  of  breathing. 

The  bones  of  the  face  are  characterized  by  irregularity  of 
shapes.  They  unite  by  overlapping  edges  and  projections, 
named  sutures. 


THE  VERTEBRAL  COLUMN.  In  the  human  skeleton 
the  skull  is  balanced  on  the  spine  or  vertebral  column.  The 
column  is  made  up  of  a series  of  bones  or  vertebrae  joined  to- 
gether by  pads  of  flexible  cartilage.  It  is  not  straight  and 
rigid,  but  presents  graceful  curves,  and  by  the  method  of  union  of 
the  bones  the  column  has  a certain  amount  of  flexibility.  In 
early  life  the  number  of  vertebrae  is  thirty-three  ; in  adult  life  the 
number  is  reduced  to  twenty-six,  due  to  the  union  of  several 
vertebrae  at  the  base  of  the  column. 

The  vertebrae  are  divided  as  follows  ; — 

7 Cervical  or  Neck, 
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1 2 Thoracic  or  Dorsal,  to  which  the  twelve  pairs  of  ribs  are 
attached. 

5 Lumbar  or  Loin  vertebrae. 

5 Sacral,  which  become  firmly  united  to  form  a wedge- 
shaped  bone  between  the  pelvic  bones  ; named  the  Sacrum, 

4 Coccygeal  or  tail-bones;  these  join  to  form  the  Coccyx, 


•Spinous 

Process 


Fig.  13.— Axis  vertebra. 


In  the  several  parts  of  the  column  the  vertebrae  have  slightly 
varied  characters  by  which  it  is  possible  to  distinguish  them  one 
from  another. 

The  following  parts  may  be  traced  in  them  all 

(a)  A body  or  centrum. 

( b ) An  arch  or  ring  of  bone  behind  the  centrum. 

(c)  A spinous  process,  the  most  posterior  portion  of  the 
ring. 
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(d)  Two  lateral  or  transverse  processes. 

(e)  Four  articulating  surfaces,  two  for  the  vertebra  next 
above,  and  two  for  the  one  below. 

(f)  Two  lateral  openings  for  the  exit  of  the  spinal  nerves. 
The  vertebrae  belonging  to  the  several  parts  of  the  column 

are  distinguished  by  certain  variations  of  the  typical  parts  they 
show,  namely,  the  size  of  the  body,  the  length  and  direc- 
tion both  of  the  spinous  and  transverse  processes,  and  the 
position  of  the  articulating  surfaces. 


Body 


The  Sacrum  consists  of  five  fused  vertebrae,  and  the  typical 
parts  are  somewhat  indistinct.  The  firm  bony  union  forms  a 
solid  base  to  the  vertebral  column  and  also  provides  a rigid 
union  with  the  hip-bones.  The  lateral  openings  for  the  spinal 
nerves  are  large  in  the  sacrum.  The  typical  features  of  a ver- 
tebra are  lost  in  the  coccyx  ; this  part  has  become  rudimentary. 

Except  the  first  and  second  vertebrae,  the  cervical,  dorsal, 
and  lumbar  vertebrae  have  their  bodies  joined  one  to  another 
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by  pads  of  tough,  fibrous  gristle  or  cartilage,  and  they  are  further 
bound  together  by  bands  of  tough  fibres  of  connective  tissue 
forming  ligaments,  The  articulating  surfaces  are  smooth  and 
well  lubricated.  These  conditions  allow  of  a certain  amount 
of  bending  of  the  column,  and  the  pads  of  cartilage  are  slightly 
compressible.  The  arches  or  rings  of  the  vertebrae  being  placed 


Body 


one  over  the  other  form  the  vertebral  canal  for  the  lodgment  of 
the  spinal  cord. 

Two  vertebrae,  the  first  or  Atlas,  and  the  second  or  Axis, 

demand  special  attention.  Their  form  has  been  much  modified 
as  compared  with  the  others.  The  atlas  is  a ring  of  bone — the 
body  is  greatly  reduced.  Just  inside  the  front  border  is  a smooth, 
articulating  surface,  and  also  on  the  upper  and  under  sides  are 
broad  surfaces  for  articulation.  The  axis  has  its  body 
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modified  and  elongated  into  a tooth-like  or  odontoid  peg. 
In  front  of  this  peg  is  an  articulating  surface  corresponding  to 
the  one  inside  the  ring  of  the  atlas.  The  axis  has  also  large, 
smooth  surfaces  on  its  upper  side  to  articulate  with  those  of  the 
under  side  of  the  atlas.  These  vertebrae  allow  of  the  nodding 
of  the  head  and  the  side-to-side  movement  of  the  head.  To 
nod  the  head,  the  condyles  at  the  base  of  the  occipital  bone 
articulate  upon  the  upper  surface  of  the  atlas.  To  turn 
the  head  from  right  to  left  or  left  to  right,  the  atlas  moves 
part  way  round  the  peg  of  the  axis.  It  is  kept  from  moving 
too  far  by  check  ligaments.  A transverse  ligament  also  passes 
behind  the  odontoid  peg  of  the  axis  to  keep  it  in  position. 


CHAPTER  VII 


THE  SKELETON  ( Continued ) 

The  shoulder  and  pelvic  girdles  and  limbs,  The  shoulder 
girdle  includes  the  two  blade-bones  or  Scapulae,  and  the  two 
collar-bones  or  Clavicles.  The  latter  join  the  top  of  the 
sternum  and  complete  the  girdle  in  front,  but  at  the  back  the 
blade-bones  do  not  meet.  The  pelvic  girdle  is  formed  by  the 
hip-bones  at  the  sides  and  in  front,  and  at  the  back  the  hip- 
bones become  firmly  united  to  the  sacrum,  thus  completing 
the  ring  or  girdle  for  the  attachment  of  the  lower  limbs. 

The  Scapula  is  triangular  in  shape,  with  a strong  spinous 
ridge  across  the  outer  side,  which  projects  beyond  the  body  of 
the  bone  as  the  acromion  process.  Just  below  this  process  on 
the  inner  side  is  another,  the  crocoid  process.  These  two 
projections  help  to  deepen  the  socket  or  glenoid  cavity  for 
the  head  of  the  upper  arm-bone.  Each  scapula  is  held  in  a 
mass  of  muscles  at  the  back  of  the  shoulder,  and  this  loose 
fixing  of  the  blade-bones  allows  of  the  freedom  of  the  arms  in 
backward  and  forward  movements. 

The  Clavicle,  collar  or  key-bone,  has  a double  curve,  and  is 
about  4 in.  in  length.  It  crosses  above  the  first  rib  in  front 
from  near  the  end  of  the  acromion  process  of  the  scapula  to 
the  upper  end  of  the  sternum. 

The  bones  of  the  upper  and  lower  limbs  compared  : — 

Upper  arm,  i bone,  Hu-  Upper  leg  or  thigh,  i bone, 
merus.  Femur. 

Knee-cap — Patella — i bone. 
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Lower  leg,  2 bones,  Tibia 
and  Fibula. 

Ankle  and  heel,  7 bones, 
Tarsals. 

Foot,  5 bones,  Metatarsals. 


Toes,  14  bones,  Phalanges, 
3 in  4 toes,  2 in  big  toe. 

Total  number  of  bones,  30. 


Lower  arm,  2 bones,  Ulna 
and  Radius. 

Wrist,  8 bones,  Carpals. 

Hand,  5 bones,  Metacar- 
pals. 

Fingers,  14  bones,  Phalanges, 

3 in  each  finger,  2 in  thumb. 

Total  number  of  bones,  30. 

The  Humerus  and  the  Femur  are  long  and  somewhat  cylin- 
drical-shaped' bones.  The  parts  of  each  are,  the  head,  the 
shaft,  and  the  articulating  condyles.  In  contrast,  the  femur 
is  longer  and  stronger  than  the  humerus,  and  between  the  head 
and  shaft  it  has  a well-marked  neck. 

The  Ulna  at  its  upper  end  is  large,  and  it  has  a deep  groove 
which  articulates  with  the  lower  end  of  the  humerus  to  form 
the  elbow-joint.  The  projecting  end  of  the  ulna,  the  elbow,  fits 
into  a depression  at  the  back  of  the  lower  end  of  the  humerus, 
when  the  lower  arm  is  in  extension.  The  Radius  is  on  the  outer 
side  of  the  ulna  and  parallel  with  it.  The  radius  is  large  at  the 
lower  end,  and  it  articulates  with  the  wrist-bones  and  carries  the 
hand.  When  the  palm  of  the  hand  is  turned  down,  pronation, 
the  radius  crosses  the  ulna.  When  the  palm  is  turned  upwards, 
supination,  the  radius  is  parallel  with  the  ulna. 

The  Tibia  and  Fibula  of  the  lower  leg  are  long  bones,  but 
the  tibia  is  the  stronger,  and  it  articulates  by  its  upper  end 
with  the  lower  end  of  the  femur  to  form  the  knee-joint.  The 
fibula,  which  lies  to  the  outer  side  of  the  tibia,  takes  no  part  in 
the  formation  of  the  knee-joint.  The  Patella  or  knee-pan, 
small,  flattish  bone,  protects  the  front  of  the  knee-joint. 

At  its  lower  end  the  tibia  articulates  with  the  Astraga- 
lus, the  highest  of  the  tarsal  bones.  Below  and  behind  the 
astragalus  is  a single  bone,  the  Calcaneum,  which  forms  the 
heel.  The  remaining  five  tarsal  bones,  together  with  the 
metatarsals,  complete  the  arch  of  the  foot ; continued  in  front 
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of  the  latter  are  the  phalanges  of  the  toes.  The  wrist  or  carpal 
bones  are  much  smaller  than  the  tarsal  bones.  The  eight 
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THE  RIBS  AND  STERNUM.  Twelve  pairs  of  slender, 
curved  bones,  the  ribs,  are  connected  with  the  twelve  thoracic 
vertebrae  ; some  of  the  ribs  have  two  points  of  articulation,  i.e., 
with  the  body  and  with  the  transverse  process.  The  first  rib  is 
short,  and  flat,  and  practically  fixed  ; it  passes  from  the  first 
thoracic  vertebra  around  at  the  base  of  the  neck  to  the  top  of  the 
breast-bone  in  front.  The  Sternum  or  breast-bone  in  form  is 
like  a short  sword,  6 to  8 in.  in  length,  situated  in  the  middle 


line  of  the  front  of  the  thorax.  It  is  broad  at  the  upper  end 
and  the  lower  end  terminates  in  the  ensiform  cartilage.  The 
sternum  is  formed  by  the  union  of  several  bones,  and  on  each  side 
of  the  sternum  are  the  impressions  from  the  articulations  of  the 
cartilages  of  seven  ribs. 

The  ribs,  from  the  first  pair  to  the  seventh  inclusive,  gradu- 
ally increase  in  length.  These  are  named  true  ribs  ; they  are 
connected  with  the  sternum  in  front  by  costal  cartilages. 
The  eighth,  ninth,  and  tenth  ribs  are  indirectly  joined  to  the 
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sternum,  their  cartilages  joining  the  cartilage  of  the  rib  above. 
The  eleventh  and  twelfth  are  not  connected  in  front,  but  end 
free  and  are  tipped  with  costal  cartilage.  The  last  five  pairs 
are  termed  false  ribs,  of  which  two  are  floating  or  free.  Of 
the  twelve  pairs  of  ribs  ten  pairs  sweep  round  from  the  thoracic 
vertebrae  and  become  joined  by  the  flexible  costal  cartilages 
to  the  sternum  in  front.  The  bony  ribs  slope  slightly  down- 
wards and  forwards,  whilst  the  costal  cartilages  bend  sharply 
upwards  to  meet  the  short  sternum.  In  this  way  the  walls  of 
the  cone-shaped  thorax  are  formed. 

FORMS  OF  BONES.  Bones  have  three  general  forms  as 
found  in  the  skeleton  : broad  and  somewhat  flat  in  the  head 
and  hips  ; short  and  more  or  less  irregular  in  the  spine, 
wrist,  and  ankle  ; long  in  the  limbs  and  ribs.  A total  of  about 
200  make  up  the  adult  skeleton,  including  the  patella  and  the 
hyoid.  The  latter  is  found  connected  with  the  root  of  the 
tongue. 

STRUCTURE  OF  BONE.  Obtain  a fresh  long  bone  and 
make  the  following  observations.  The  shaft  of  the  bone  is  in- 
vested by  a pinkish  membrane,  named  the  Periosteum,  Strip 
off  a piece,  it  is  fibrous  and  tough,  and  contains  blood  vessels. 
Beneath  the  periosteum  are  seen  small  holes  through  which  the 
blood  vessels  enter  to  nourish  the  bone.  The  bone  grows  in 
thickness  through  the  medium  of  the  periosteum,  and  in  the  case 
of  fracture  the  bone  is  renewed  by  this  membrane.  The  shaft  of 
the  bone  is  a tube  of  very  hard  and  dense  tissue,  known  as  com- 
pact bone,  but  the  ends  show  a less  compact  and  more  open 
tissue  named  cancellous  or  spongy  bone.  The  interspaces 
of  cancellous  bone  contain  red  marrow,  whilst  enclosed  by  the 
shaft  is  a mass  of  fatty  substance,  the  yellow  marrow, 

The  ends  of  fresh  bone  are  covered  by  articular  cartilage, 
a bluish-white,  smooth  substance.  When  the  end  of  one  bone 
moves  freely  over  the  end  of  another,  each  is  capped  with 
articular  cartilage  and  the  opposing  surfaces  form  a perfect  joint. 
Examine  such  a joint,  and  notice  that  from  the  margins  of  the 
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articular  surfaces  of  such  bones  a membrane  forming  a kind 
of  bag  or  sac  is  provided.  This  is  named  the  synovial  mem- 
brane or  sac  and  it  secretes  a thick,  sticky  fluid,  to  lubri- 
cate the  joint.  In  addition  to  these  structures,  at  some  joints, 
for  example,  the  knee-joint,  a wedge-shaped  piece  of  tough 
cartilage,  interarticular  cartilage,  is  inserted  to  pack  the 
joint  and  prevent  slipping  outwards  of  the  femur. 

In  the  case  of  young  bones,  the  ends  are  not  at  first  joined 
directly  to  the  shaft,  but  there  is  an  intervening  portion  of 
cartilage  to  allow  of  the  growth  of  bone  in  length.  When 
the  bone  has  attained  its  full  length,  the  cartilage  has  become 
changed  into  bone  and  the  ends  united  to  the  shaft.  It  must 
be  noted  that  most  of  the  bones  of  the  body  are  performed  in 
cartilage  which  later  becomes  impregnated  with  mineral  sub- 
stances and  undergoes  other  changes  to  form  bone. 

The  microscopical  features  of  compact  bone  are  given  in 
Figs.  19,  20. 

Experiment  1.  Take  a slender  bone,  say  the  leg  or  arm- 
bone  of  a rabbit,  place  in  water  to  which  a little  hydrochloric 
acid  has  been  added  (1  part  of  acid  to  20  parts  of  water).  In 
a few  days  the  hard  bone  will  have  become  soft,  but  remains 

tough  and  flexible. 

Experiment  2,  Place  a similar  bone  to  the  above  in  a 
red-hot  fire  ; in  a short  time  the  bone  will  look  white  or  greyish- 
white.  Remove  it  from  the  fire,  and  after  cooling  it  will 
be  found  quite  brittle.  The  form  of  the  bone  has  been 
retained. 

These  experiments  demonstrate  that  bone  is  composed  of 
two  substances  i first  the  mineral,  which  renders  bone  hard 
and  can  be  removed  by  a weak  acid,  leaving  behind  a tough, 
flexible  substance  or  animal  matter.  This  latter  can  be 
burnt  out,  and  the  brittle  substance  left  behind  is  the  mineral 
matter. 

Bone  is  found  to  be  made  up  of  about  one-third  of  animal 
and  two-thirds  of  mineral  substances.  These  together 


FIG.  19.  LONGITUDINAL  SECTION  OF  BONE.  PHOTOMICROGRAPH  FIG,  20.— TRANSVERSE  SECTION  OF  BONE.  PHOTOMICROGRAPH 
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give  to  bone  the  characters  of  hardness,  and  at  the  same  time 
toughness  and  a certain  amount  of  elasticity, 

Composition  of  Bone, 

Animal  matter  about  one-third  or  33  per  cent. 

Mineral  substances  about  two-thirds  or  67  per  cent,  made 
up  of : — 

Phosphate  of  Lime  50  per  cent. 

Carbonate  of  Lime  10  „ 

Other  mineral  salts  7 


Total 


67 


CHAPTER  VIII 
MUSCULAR  TISSUES 

The  flesh  of  an  animal  disclosed  on  removal  of  the  skin  is 
known  as  muscular  tissue.  The  colour  is  darker  or  lighter 
according  to  the  age  and  nature  of  the  animal  examined.  The 
whole  of  the  muscles  investing  the  skeleton  is  named  the 
Voluntary  Muscular  System,  so  named  because  these 
muscles  are  under  the  control  of  the  will.  They  are  also  spoken 
of  as  red  muscles,  but  this  term  cannot  be  applied  to  animals 
where  the  voluntary  muscle  is  white.  Striated  or  striped 
muscle  is  another  name  for  voluntary  muscle,  from  the  fact 
that  the  individual  fibres  possess  fine  lines  running  across  them. 

To  understand  the  structure  of  voluntary  muscular  tissue,  a 
dissection  will  be  helpful.  Take  the  hind-leg  of  a rabbit,  or  a 
small  piece  from  the  lower  end  of  a leg  of  mutton,  and  make 
out  the  following  structures.  On  removal  of  the  skin  from  the 
leg  of  a rabbit,  it  is  noted  that  the  skin  is  held  loosely  by  con- 
nective tissue  to  the  muscles  beneath.  The  muscles  are 
smooth  owing  to  a covering  of  connective  tissue,  and  in  this 
are  seen  blood  vessels  and  fine,  white,  nerve  fibres.  The 
muscles  vary  in  form  ; some  are  like  spindles  tapering  at  each 
end,  others  are  long  and  strap-like  ; others  again  are  broad  at 
one  end  and  narrow  at  the  opposite  end.  Each  large  mass 
is  easily  separated  into  smaller  parts  or  bundles.  Each 
bundle  is  wrapped  with  connective  tissue,  which  gives  a silvery 
appearance  to  the  outside  of  the  bundle.  This  appearance  is 
strongly  marked  near  the  ends  of  a bundle  where  the  connect- 
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ive  tissue  forms  strong,  tough  bands,  named  tendons. 
Tendons  serve  to  connect  muscle  to  bone  or  to  other 
structures.  The  connective  tissue  serves  to  cover  all  the 
bundles  and  to  pass  between  the  several  bundles,  which  compose 
a mass  commonly  called  a muscle.  Blood  vessels,  nerves,  and 
lymphatic  vessels  travel  to  the  muscle  structure  in  the  medium 
of  the  connective  tissue.  By  carefully  teasing  with  needles  the 
end  of  a small  bundle,  or  better  still  a piece  of  muscle  that  has 
been  hardened,  say  by  salting,  it  is  found  to  be  composed  of 
small  fibres.  A fibre  is  about  1 to  U in.  in  length,  and  it  has 
a diameter  of  T ^ of  an  inch.  Viewed  under  the  microscope 
it  is  found  to  be  enclosed  in  a membranous  sheath,  which  is 
named  sarcolemma  ; inside  the  sheath  are  several  nuclei. 
The  fibre  is  marked  across  by  very  fine  lines,  or  striations, 
closely  set  together.  Between  the  numerous  fibres  making  up 
a bundle,  the  capillary  blood  vessels  form  looping  networks. 
The  plasma  which  passes  out  of  the  capillaries  bathes  and 
nourishes  the  muscle  fibres.  Nerves  terminate  in  close  con- 
nexion with  the  individual  fibres,  and  through  these  nervous 
impulses  travel,  which  cause  the  muscle  fibres  to  contract. 

In  addition  to,the  physical  property  of  muscle,  that  is,  the  way 
in  which  it  is  built  up,  it  possesses  a remarkable  physiological 
property  of  contractility. 

Contractility  is  the  power  possessed  by  muscle  of  be- 
coming shorter  and  thicker  under  a stimulus.  When  a 
muscle  contracts  certain  changes  take  place  in  the  individual 
fibres,  resulting  in  the  muscle  as  a whole  becoming  shorter  in 
length  whilst  its  thickness  is  increased.  By  contraction  the 
ends  of  a muscle  are  brought  nearer  together,  and  if  the  muscle 
be  attached  to  a part  that  is  free  to  move,  movement  of  the 
part  results. 

In  the  body,  the  physiological  property  of  muscular  tissue 
is  usually  brought  into  action  by  impulses  which  are  sent 
along  the  nerves.  Other  than  nervous  stimuli,  however,  can 
cause  muscular  tissue  to  contract ; for  instance,  to  pinch  or 
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gently  strike  the  muscle  of  a recently  killed  frog,  when  the 
muscle  will  exhibit  contraction.  Or  a drop  of  acid  applied  to 
the  said  muscle,  or  a weak  electric  current  passed  into  the 
muscle — either  will  act  as  a stimulus  to  cause  contraction. 

Involuntary  Muscular  Tissue,  Many  movements  take 
place  in  the  organs  and  tissues  of  the  body  besides  those  due 
to  the  presence  of  voluntary  muscular  tissue.  The  walls  of  the 
digestive  canal  contract,  and  in  a series  of  regular  wave-like 
movements  aid  the  passage  of  the  contents  along  the  canal. 
The  walls  of  the  arteries  contract  and  regulate  the  discharge  of 
the  blood  into  the  capillaries.  These  functions  are  due  to 
the  presence  of  muscular  tissue.  The  tissue  is  made  up  of 
large  numbers  of  very  fine  spindle-shaped  fibres  packed  closely 
together.  Each  fibre  is  about  of  an  inch  in  length  and 
it  has  an  elongated,  slightly  granular  nucleus.  The  fibres  are 
of  a pale  colour  and  without  transverse  markings,  and  they 
are  not  under  the  control  of  the  will.  From  these  three  facts, 
the  names  Pale,  Plain,  and  Involuntary  Muscle  have  been 
applied  to  this  kind  of  tissue.  Pale  muscular  tissue  is  found  in 
other  parts  of  the  body  than  those  already  named. 

Cardiac  Muscular  Tissue.  The  muscular  tissue  of  the 
heart  is  spoken  of  as  Cardiac  Muscle.  It  resembles  both 
voluntary  and  involuntary  muscle  structures,  but  it  has  special 
features  of  its  own  both  in  structure  and  function.  Its  fibres 
are  short  and  they  have  short  branches.  The  fibres  are  of  a 
reddish  colour  ; they  are  very  finely  striated,  but  are  without  a 
sheath  of  sarcolemma.  iFach  fibre  has  a single,  oval,  and  slightly 
granular  nucleus,  situated  in  the  centre  of  the  fibre.  Cardiac 
muscle  fibres  are  bound  together  in  sheets,  and  these  pass  in  a 
spiral  manner  to  form  the  walls  of  the  heart.  Cardiac  muscle 
has  the  property  of  contracting  rhythmically,  that  is 
regularly  so  many  times  per  minute.  The  cardiac  muscle  is 
influenced  by  nerves  but  is  not  controlled  by  the  will. 

Summary.  From  the  study  of  the  skeleton  and  the 
muscular  system  the  following  considerations  may  be  conveni- 
ently summarized  : — 
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Fig.  2i. — View  of  muscles  of  one  side  of  trunk  and  limbs. 
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The  framework  of  the  body  is  formed  of  bones  of  various 
sizes  and  shapes  united  to  form  joints.  The  unions  or  articu- 
lations are  of  several  kinds,  rigid,  less  rigid,  or  perfectly  free. 
Joints  facilitate  movement.  Perfect  joints  are  supplied 
with  lubricating  fluid,  the  ends  of  the  conjoined  bones  are 
covered  with  smooth,  articular  cartilage,  and  the  bones  are 
strongly  held  in  position  by  fibrous  ligaments.  The  flexible 
material,  cartilage,  not  only  joins  bones  together,  but  it  also 
serves  to  deepen  sockets  as  in  the  case  of  the  shoulder  and  hip- 
joints,  and  in  other  cases  to  pack  joints  to  prevent  bones  from 
slipping.  Provision  for  the  growth  and  repair  of  bone  is  found 
in  the  periosteum, 

The  voluntary  muscles  cover  the  bony  framework  and  give 
outline  to  the  body.  They  are  attached  to  the  bones  by  tough, 
fibrous  tendons,  through  the  medium  of  which  the  muscles  act 
on  the  bones  which  serve  as  levers  in  the  movements  of  the 
parts  of  the  body.  The  tendons  are  formed  from  connective 
tissue,  which  tissue  also  covers  the  muscles,  giving  smoothness, 
and  it  further  serves  as  a support  to  the  blood  vessels,  nerves, 
and  lymphatics,  as  they  travel  to  the  ultimate  structures  of  the 
muscles. 

The  important  physiological  property  of  muscular  tissue  of 
contractility  is  aroused  by  stimuli  which  travel  by  nerve  fibres 
from  nerve  centres. 

The  muscles  are  of  various  forms,  adapted  to  dilferent 
parts  of  the  body  ; some  are  very  small  and  others  are  pounds 
in  weight.  Muscles  are  not  only  used  in  causing  motion  and 
locomotion,  but  by  muscular  tissue  the  sense  organs  are  aided, 
for  instance,  in  tasting,  smelling,  and  seeing.  Further,  speaking, 
singing,  laughing,  weeping,  and  winking  are  dependent  upon 
muscular  contraction. 

Names  of  Muscles.  The  particular  names  given  to  the 
very  large  number  of  muscles  making  up  the  voluntary  muscular 
system  need  not  concern  us  here,  but  a brief  reference  to  the 
terms  by  which  muscles  are  known  is  necessary.  The  volun- 


FIG.  22.  VOLUNTARY  MUSCLE  FIBRES.  LONGITUDINAL  VIEW. 

PHOTOMICROGRAPH  \ FIG.  23.  VOLUNTARY  MUSCLE  FIBRES.  LONGITUDINAL  A.ND 

TRANSVERSE.  PHOTOMICROGRAPH 


FIG.  24. — VOLUNTARY  MUSCLE  FIBRES — SHOWING  NUCLEI  AND  STRIATIONS.  X 500.  PHOTOMICROGRAPH 


FIG.  25. — LONGITUDINAL  SECTION  OF  FROG’S  HEART  SHOWING  BUNDLES  OF  MUSCLE  FIBRES  OF 
VENTRICLE.  PHOTOGRAPH 
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tary  muscles,  so  named  because  they  are  directly  acted  on 
by  nerve  impulses  sent  to  them  by  an  act  of  the  will.  They 
are  also  named  skeletal,  because  they  cover  the  skeleton  and 
act  upon  the  bones.  The  name  red,  which  is  the  colour  of 
the  muscles  in  many  animals,  but  the  term  is  used  as  opposed 
to  the  pale  or  involuntary  muscles. 

The  muscles  are  well  named  striated  or  striped,  because 
the  fibres  viewed  under  the  microscope  are  seen  to  have  close- 
set  lines  or  striae  across  them.  Other  names,  such  as  flexors 
and  extensors,  are  applied  to  muscles  according  to  their  action 
in  extending  or  bending  a part.  The  biceps  and  triceps  of 
the  arm  are  examples  of  flexors  and  extensors  respectively. 
The  terms  adductors  and  abductors  are  used  to  indicate  the 
muscles  engaged  in  drawing  a part  to,  or  drawing  a part  away 
from,  another  part.  The  arm  is  brought  to  the  body  by  ad- 
ductors, the  thumb  is  brought  near  the  hand  by  an  adductor 
muscle,  and  by  abductor  muscles  these  parts  are  separated  or 
drawn  off.  In  the  case  of  the  shoulder  and  hip-joints,  the 
head  of  the  humerus  or  the  head  of  the  femur  performs  a cir- 
cular movement,  and  this  is  brought  about  by  muscles  named 
circumductors. 

The  terms  origin  and  insertion  are  applied  to  muscles 
to  indicate  the  more  fixed  point  and  the  movable  part.  A 
muscle  has  one  or  more  points  of  origin ; these  are  fixed,  or 
relatively  fixed,  and  the  muscles  pass  to  be  inserted  in  parts 
that  have  more  or  less  of  movement.  In  the  case  of  the 
triceps  of  the  back  of  the  upper  arm,  it  has  three  heads  or 
points  of  insertion — at  the  scapulae  and  humerus — and  passes  to 
be  inserted  at  the  upper  end  of  the  ulna,  Its  action  is  to  ex- 
tend the  lower  arm  ; it  is  therefore  an  extensor  muscle.  Many 
muscles  receive  two  or  more  names. 


CHAPTER  IX 


JOINTS— ANIMAL  MECHANICS— MOTION  AND 
LOCOMOTION 

JOINTS.  The  framework  of  bones  forming  the  skeleton 
is  broken  by  joints  to  facilitate  movement.  A joint  is  formed 
by  the  joining  or  meeting  of  two  or  more  bones.  The  word 
articulation  is  also  used  in  speaking  of  the  union  of  bones. 

Three  classes  of  joints  or  articulations  may  be  noted  in 
the  skeleton  : — 

(a)  Immovable. 

\b)  Mixed. 

(c)  Movable. 

Immovable  Joints,  The  bones  are  held  together  by  rigid 
unions  which  allow  practically  no  movement  between  the 
joining  bones.  Examples  have  been  noted  in  the  unions,  by 
sutures,  of  the  bones  of  the  cranium  and  face ; also  the  firm 
union  of  the  sacrum  with  the  pelvic  bones. 

Mixed  Joints.  Where  the  bone  is  joined  by  other  sub- 
stance than  bone.  Cartilage,  a tough,  flexible  structure,  is 
found  joining  the  ends  of  the  ribs  to  the  breast-bone.  The  bodies 
of  the  vertebrae  are  joined  one  to  another  by  pads  or  discs  of 
tough,  fibrous  cartilage.  The  pelvic  bones  join  in  front  by 
a tough  cartilaginous  union.  This  mode  of  union  of  bones 
admits  of  a limited  amount  of  flexibility  and  compressibility 
of  the  parts  involved. 

Perfect  Joints.  These  unions  allow  of  the  free  move- 
ment of  the  end  of  one  bone  over  the  end  of  another.  In  such 
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joints  the  ends  of  the  opposing  bones  are  covered  with  a 
smooth,  articular  cartilage,  and  this  is  provided  with  a supply 
of  synovial  fluid  to  lubricate  the  joint.  The  conjoined  bones 
are  held  together  by  tough,  fibrous  ligaments,  which  in  some 
cases  form  capsules  for  the  joints. 

The  perfect  joints  are  named  according  to  their  characters 
and  the  particular  movements  they  permit.  They  are  illus- 
trated by  the  following,  Ball-and-socket,  Hinge,  Pivot,  and 
Gliding  joints, 


Fig.  26.— Hinge  joint.  Three  positions  of  knee  bones. 

Ball-and-socket  kind  of  perfect  joints  are  well  shown  in 
the  shoulders  and  hips.  The  shoulder- joint  has  a relatively 
shallow  cup,  the  glenoid  cavity  of  the  shoulder-blade,  which 
receives  the  rounded  head  of  the  humerus.  The  movements 
at  the  shoulder  are  perfectly  free  in  every  direction.  The 
hip-joint  formed  by  the  rounded  head  of  the  femur  articulating 
in  the  deep  cup  or  acetabulum  of  the  pelvic  bone.  The 
head  of  the  femur  has  a round  ligament  passing  from  its 
centre  to  the  bottom  of  the  cup,  whilst  on  the  outside  the 
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head  is  enclosed  by  the  capsular  ligament.  The  movement 
at  the  hip-joint  is  more  restricted  than  that  at  the  shoulder. 

The  Hinge  joint  is  another  illustration  of  the  perfect  kind 
in  which  the  movement  is  limited  to  one  plane,  to  and  fro, 
like  a door  on  its  hinges. 

Examples  of  hinge  joints.  The  articulation  of  the  condyles 
of  the  occipital  bone  on  the  atlas  vertebra  which  permits  of 
the  nodding  of  the  head. 

The  elbow-joint.  The  lower  end  of  the  humerus  fits  into 
a deep  groove  at  the  upper  end  of  the  ulna  and  allows  of  the 
flexion  and  extension  of  the  lower  arm.  In  the  case  of  the 
knee-joint,  the  large  condyles  at  the  lower  end  of  the  femur 
articulate  with  the  broad  surfaces  at  the  upper  end  of  the  tibia. 
Other  illustrations  of  hinge  joints  are  found  at  the  fingers  and  toes. 

Pivot  joints  allow  of  movement  of  rotation.  The  turning 
of  the  head  from  side  to  side  is  permitted  by  the  movement  of 
the  first  vertebra,  the  atlas,  part  way  around  the  odontoid 
peg  of  the  second  vertebra,  the  axis.  Another  pivot  joint 
is  met  with  in  the  case  of  the  small  end  of  the  radius  against 
the  lower  end  of  the  humerus ; the  small  end  of  the  radius  at 
the  same  time  turns  by  its  side  in  a groove  at  the  upper  end 
of  the  ulna.  Both  these  movements  take  place  when  the  palm 
of  the  hand  is  turned  downwards,  i.e.  in  pronation. 
Shallow  pivot  joints  are  formed  by  the  articulation  of  the 
metacarpal  bones  with  the  first  bone  of  each  finger. 

At  the  wrist  and  ankle,  by  the  grouping  of  the  carpal  and 
tarsal  bones,  a series  of  Gliding  joints  are  formed.  All  the 
carpal  and  tarsal  bones  are  provided  with  smooth,  articular 
cartilage  and  lubricated  by  synovial  fluid,  and  a limited  gliding 
movement  takes  place  among  the  short  bones.  The  articula- 
tion of  the  metacarpal  bone  of  the  thumb  with  the  trapezium 
of  the  carpal  bones  forms  a double  hinge  or  saddle  joint. 
This  allows  a double  movement  of  the  thumb,  i.e.,  to  and  fro, 
and  side  to  side.  . 

By  reference  to  the  several  figures  of  the  bones  the  examples 
will  be  readily  understood. 
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ANIMAL  MECHANICS.  The  term  motion  is  used  in 
speaking  of  the  movement  of  a part  of  the  body,  and  locomo- 
tion implies  the  movement  of  the  body  as  a whole  from  place 
to  place.  The  structures  concerned  in  motion  and  locomotion 
are  the  muscles  and  bones.  These  form  levers,  the  bones 
serving  as  rigid  bars  acted  on  by  the  muscles. 


Look  upon  a lever  as  a rigid  structure  with  one  end  or  part 
relatively  fixed,  whilst  the  other  end  or  part  is  free  to 
move,  Next  recognize  the  three  parts  of  a lever  : — 

1.  Fulcrum,  or  fixed  point,  indicated  by  F. 

2.  Power,  or  moving  force,  indicated  by  P. 

3.  Weight,  or  resistance  to  be  overcome,  indicated  by  W. 
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The  relative  positions  of  these  three  parts  give  three  orders 
of  levers. 

ist  Order.  P,  F,  W,  when  the  fulcrum  comes  between  the 
weight  or  resistance  and  the  power. 

2nd  Order.  P,  W,  F,  the  W between  the  P and  F. 

3rd  Order.  F,  P,  W,  the  P between  the  W and  F. 

In  the  many  movements  of  the  body  we  constantly  employ 


Fig.  28. — Lever  of  the  first  order. 


the  three  kinds  of  levers.  The  muscles  acting  as  the  P or 
moving  force  to  overcome  some  resistance  or  W. 

A lever  of  the  first  order  is  brought  into  play  in  the  follow- 
ing movements  of  the  body  : — 


ANIMAL  MECHANICS 


47 


Nodding  the  Head,  F ==  the  articulation  of  the  occipital 
condyles  on  the  atlas  vertebra.  P = the  action  of  the  muscles 
at  the  back  of  the  neck,  or  the  action  of  the  muscles  in  the  front 
of  the  neck.  W = the  weight  of  the  head.  Another  example 
is  seen  in  raising  the  trunk  to  the  erect  position  after  bending 
forward.  F,  at  the  hip-joints  ; W,  the  trunk  ; P,  the  force  of  the 
large  muscles  at  the  buttocks.  The  extension  of  the  lower 


arm  is  done  by  a lever  of  the  first  order.  The  triceps  muscle 
at  the  back  of  the  humerus  has  its  tendon  inserted  into  the 
olecranon  process  at  the  end  of  the  ulna,  and  this  is  the  point 
of  application  of  P.  The  F is  the  articulation  at  the  elbow, 
and  the  W is  the  lower  arm. 
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The  extension  of  the  lower  leg  is  a further  example  of  a 
lever  of  the  first  order.  P = the  action  of  the  large  extensor 
muscle  at  the  thigh,  the  insertion  of  which  is  near  the  upper 
end  of  the  tibia,  just  below  the  patella  ; F = the  articulation  at 
the  knee-joint ; W = the  lower  leg. 

Levers  of  the  Second  Order,  P,  W,  F,  Examples  in  the 
body,  first,  opening  of  the  mouth  by  depressing  the  lower  jaw. 
P = the  action  of  the  digastric  muscle  attached  just  within  the 
chin ; F = the  articulation  of  the  condyles  of  the  lower  jaw 
with  the  temporal  bones  ; W = the  resistance  of  the  lower  jaw. 
A second  example  of  this  order  of  lever  is  exhibited  when  the 
heel  is  raised  and  the  toes  rest  upon  the  ground.  P = the 
action  of  the  large  muscle  of  the  calf  acting  on  the  heel-bone 
through  the  tendon  of  Achilles ; F = the  resistance  of  the 
toes  at  the  ground ; W = the  weight  of  the  body  transmitted 
through  the  tibia  to  the  tarsal -bones. 

Levers  of  the  Third  Order,  F,  P,  W,  This  order  of  levers 
is  well  illustrated  by  the  bending  or  flexion  of  the  limbs.  In 
the  flexion  of  the  lower  arm  on  the  upper  arm  by  the  action  of 
the  biceps,  F is  the  elbow-joint ; the  application  of  P is  at  the 
radius  just  in  front  of  the  bend  of  the  arm.  W is  the  weight 
of  the  arm  in  front  of  the  insertion  of  the  tendon  of  the  biceps 
into  the  radius.  The  flexion  of  the  lower  leg  is  another  example 
of  this  order  of  levers  ; F at  the  knee-joint ; P is  applied  just 
below  and  behind  the  knee  joint  by  the  action  of  the  muscles 
at  the  back  of  the  thigh  ; W is  the  weight  of  the  lower  leg.  A 
further  example  is  seen  in  the  closure  of  the  mouth.  F is  the 
articulation  of  the  lower  jaw  with  the  temporal  bone ; P is  the 
action  of  the  temporal  masseter  muscles  at  the  sides  of  the  jaw  ; 
W is  the  resistance  of  the  jaw  on  being  raised. 

The  student  unfamiliar  with  mechanics  will  find  it  easy  to 
remember  the  parts,  and  the  relative  positions  of  the  parts  of 
the  three  orders  of  levers,  by  keeping  in  mind  three  familiar 
illustrations  of  these  levers  out  of  the  body. 

First  Order.  The  act  of  stirring  the  fire  with  a poker. 
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Second  Order.  The  wheeling  of  a wheel-barrow,  or  the 
act  of  cutting  with  a pair  of  scissors. 

Third  Order.  The  raising  of  a ladder,  or  the  removal  of  a 
clothes-prop. 

MOTION  AND  LOCOMOTION.  The  many  and  varied 
movements  of  the  body  are  largely  due  to  the  employment  of 
the  three  kinds  of  levers,  either  to  move  parts  of  the  body,  or 
to  move  the  body  as  a whole. 

Standing1,  The  erect  position  demands  the  contraction  of 
opposing  sets  of  muscles  at  the  back  and  front  of  the  body. 
The  bony  framework  and  its  ligaments  of  itself  is  not  able  to 
maintain  the  erect  position  ; it  is  the  muscular  system,  which 
clothes  this  framework,  that  gives  substance  and  support  to 
the  body.  If  the  muscles  at  the  back  of  the  trunk  and  limbs 
contract  without  the  counteraction  of  those  at  the  front,  the 
body  will  be  thrown  backwards.  The  leg  is  kept  straight  for 
support  by  antagonizing  sets  of  muscles.  That  which  now 
is  perfectly  easy  to  perform,  to  stand  erect,  was  not  always  so. 
Observe  the  young  child  striving  to  gain  the  erect  position  and 
to  stand  alone.  Much  effort  is  expended  and  much  practice  is 
demanded.  The  numerous  muscles  must  act  in  harmony  to  en  - 
able the  child  to  stand  without  support. 

Walking  and  Running  consist  in  a series  of  muscular 
actions  to  bring  about  a bending  and  straightening  of  the  legs 
and  a pressing  of  the  feet  against  the  ground,  or  some 
other  resisting  surface.  Each  step  involves  the  contraction  of 
the  large  muscles  of  the  calf,  and  by  its  tendon  acting  on  the 
heel-bone  the  heel  is  raised  and  the  toes  are  pressed  against  the 
ground.  The  foot  leaves  the  ground  and  the  leg  swings 
pendulum-like  forward  to  plant  the  foot  on  the  ground  a step 
in  advance,  whilst  the  other  foot  is  preparing  to  leave  the  ground. 
As  each  step  is  taken,  we  notice  the  bending  at  the  knee,  followed 
by  a straightening  of  the  leg  and  the  pressing  of  the  foot  on  a re- 
sisting surface,  There  is  a tendency,  as  each  step  is  taken,  for 
the  body  to  be  thrown  to  one  side,  but  as  the  foot  lands  the 
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body  is  righted,  only  to  be  thrown  again,  now  to  the  other  side, 
and  so  on  for  successive  steps  taken. 

Next  quicken  the  pace  and  observe  how  rapidly  the  muscles 
of  the  calf  and  the  muscles  of  the  thigh  act  to  raise  the  heel  and  to 
bend  and  straighten  the  leg.  To  pass  from  quick  walking  to 
actual  running,  it  will  be  noticed  that  one  foot  is  actually  off 
the  ground  before  the  other  reaches  it.  With  successive  steps 
there  is  a graceful  rise  and  fall  of  the  body,  like  a series  of  un- 
dulations, well  marked  in  steady  walking  and  becoming  less 
obvious  in  the  rapid  motion  of  running. 

In  this  connexion  the  act  of  jumping  may  be  seen  to 
consist  of  a bending  and  straightening  of  the  body  and  a push- 
ing against  a resistance.  For  a moment,  the  body  is  ob- 
served to  be  compressed  at  the  joints  like  a spring,  and  when 
all  is  ready  for  the  jump  the  force  of  the  will  is  thrown  into  the 
muscles  involved  and  a vigorous  contraction  follows  ; the  limbs 
are  straightened  and  a forceful  but  elastic  spring  is  taken. 


CHAPTER  X 
THE  HEART 


1 he  Heart  is  a cone-shaped,  muscular  organ,  dark  red  in 
colour,  and  situated  beneath  the  sternum  in  the  thorax  and  be- 
tween the  two  lungs.  The  apex  of  the  heart  is  to  the  left  of 
the  sternum,  and  points  to  the  space  between  the  fifth  and  sixth 
ribs  just  below  the  left  nipple ; the  base  or  broad  end  of  the 
heart  is  upwards  and  backwards. 

The  Pericardium,  a thin  connective  tissue  membrane,  covers 
the  heart.  The  pericardium  is  a double  membrane ; a portion 
closely  and  completely  invests  the  surface  of  the  heart  as  far 
as  the  large  blood  vessels,  it  is  then  reflected  over  the  heart  to 
the  apex  as  a loose  layer  or  bag.  The  pericardial  bag  en- 
closes a pale  yellow  fluid  between  the  two  layers  of  membrane 
and  the  pericardial  fluid  serves  to  reduce  friction  during  the 
working  of  the  heart. 

jThe  human  heart  is  about  5 in.  in  length,  3i  in.  broad,  and 
2f  ln'  thlck’  and  ls  roughly  compared,  as  regards  size,  to  the 
closed  fist  of  the  owner.  It  weighs  in  the  adult  male  to  to  12 
oz.  and  in  the  adult  female  8 to  10  oz.  The  heart  is  a hollow 

muscular  organ,  but  feels  almost  solid  owing  to  the  thickness 
of  its  walls. 

Examine  the  thorax  of  a rabbit  after  removal  of  the  front 
wall ; the  heart  is  seen  in  position  between  the  lungs.  The 
pressure  of  air  upon  the  lungs  after  removal  of  the  wall  has 
caused  the  lungs  to  shrink,  and  the  heart  and  the  pericardial 
bag  will  be  well  exposed.  Insert  a piece  of  glass  tubing  into 
the  windpipe  and  blow  up  the  lungs.  When  fully  distended 
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they  close  over  the  heart  in  front.  The  examination  and 
dissection  of  a sheep’s  heart,  as  well  as  seeing  the  position 
of  the  organ  in  the  rabbit,  will  be  helpful  in  understanding 
what  follows. 


Fig.  31.— Sheep’s  heart  showing  valves  of 
left  ventricle. 


Fig.  32.—  Sheep’s  heart 
showing  valves  of  right 
ventricle. 


Procure  a sheep’s  heart  and  make  the  following  observations 
and  dissection : Colour.  Form.  Base.  Apex.  Firmness  of 
one  side  compared  with  the  other.  Surface  smooth,  but  marked 
by  more  or  less  of  white  fat. 
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The  more  convex  surface  is  in  the  front,  it  has  a groove 
running  from  right  to  left,  and  the  apex  is  wholly  below  this 
groove.  Lines  of  fat  bound  the  groove  and  a blood  vessel  is 
seen  at  the  bottom.  Another  groove  runs  across  the  top  with 
much  fat ; above  this  on  the  right  is  seen  an  ear-like  flap  and 
on  the  left  another  flap,  but  barely  seen  when  the  front  portion 
of  the  heart  is  in  view.  Between  these  two  flaps  at  the  upper 
end  of  the  heart  is  a large  artery,  pulmonary,  Immediately 
behind  the  first  is  a large,  thick-walled  artery,  the  aorta  ; 
it  appears  to  arise  from  the  centre  of  the  base.  Now  looking 
down  upon  the  base,  on  the  left  near  the  aorta,  may  be  found  a 
large,  dark-red  tube,  nearly  closed  ; this  opens  into  the  right 
upper  chamber,  whilst  lower  down  at  the  back  of  this  chamber 
may  be  noted  another  similar  tube  entering  sideways.  These 
are  large  veins,  superior  and  inferior  venae  cavae.  Other 
two  vessels  or  their  openings  may  be  found  at  the  upper  end 
on  the  left  side  with  the  back  of  the  heart  facing  you,  the 
pulmonary  veins  opening  into  the  left  auricle.  Next  by  cut- 
ting into  the  heart  along  the  groove  running  from  right  to  left 
a solid,  thick,  muscular  wall  is  exposed.  This  divides  the 
heart  into  right  and  left  sides,  giving  an  upper  and  lower  cham- 
ber to  each  : right  auricle  and  right  ventricle,  and  left 
auricle  and  left  ventricle,  By  cutting  carefully  around  the 
groove  between  each  auricle  and  ventricle,  without  entirely 
separating  the  parts,  the  opening  from  the  auricle  to  the  ven- 
tricle may  be  seen,  and  attached  to  the  margin  of  each  opening 
hanging  into  the  ventricle  are  flaps  of  membrane.  (Figs.  31-32.) 

The  right  side  of  the  heart  is  entirely  shut  off  from  the  left 
by  a thick  muscular  partition.  Each  side  has  an  upper  cham- 
ber leading  into  a lower  through  an  opening,  and  from  its 
position  between  the  auricle  and  ventricle  is  named  the  auri- 
culo-ventricular  aperture.  On  the  right  this  is  guarded  by 
three  flaps  of  membrane  forming  the  tricuspid  valve,  and  on 
the  left  two  flaps  form  the  bicuspid  or  mitral  valve.  These 
valves  form  partitions  between  the  auricles  and  ventricles 
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only  when  the  blood  has  passed  from  the  auricles  to  the  ven- 
tricles and  filled  the  latter ; the  flaps  forming  the  valves  have 
then  floated  up  as  a barrier  across  each  auriculo-ventricular 
aperture.  Now  open  up  the  auricles  and  ventricles  by  cutting 
along  a line  close  to  the  middle  wall.  The  interior  of  all  four 
chambers  is  rendered  smooth  by  a lining  of  endocardium 
membrane  ; the  walls  of  the  ventricles  are  uneven,  and  the 
projections  of  the  muscular  walls  afford  attachment  for  strong 
tendinous  cords,  which  by  their  opposite  ends  are  let  into 
the  flaps  of  the  valves.  The  tricuspid  is  seen  to  have  three 
somewhat  triangular  flaps  with  pointed  ends,  whilst  the  two 
flaps  of  the  bicuspid  are  broader,  stronger,  and  less  pointed, 
On  the  left  side,  not  only  are  the  valves  and  attached  cords 
stronger,  but  the  wall  of  the  left  ventricle  is  more  than 
twice  as  thick  as  the  wall  of  the  right  ventricle.  The 
walls  of  the  auricles  are  much  thinner,  and  the  inside  ex- 
hibits an  interlacing  network  of  bundles  of  muscle  fibres, 
particularly  in  each  appendix  of  the  auricle.  This  open  net- 
work gives  additional  space  to  the  auricles,  making  the  capacity 
of  the  auricles  to  be  equal  to  that  of  the  ventricles,  although 
the  auricles  look  much  smaller.  The  spaces  inside  the  ven- 
tricles look  very  limited,  that  of  the  left  ventricle  particularly 
so,  and  this  is  clearly  due  to  the  great  thickness  of  the  walls, 
readily  seen  in  a section  across  the  ventricles. 

Next,  trace  the  openings  of  the  pulmonary  artery  from  the 
top  of  the  right  ventricle.  Place  a probe  down  the  artery  and 
slit  it  open  at  the  point  of  junction  with  the  ventricle.  Now  are 
seen  three  half-moon  Shaped  flaps  of  membrane  around  the 
inside  of  the  artery — the  semi-lunar  valves.  They  are  attached 
to  the  inside  of  the  artery,  but  with  one  border  free.  Press 
each  one  out  and  realize  how  by  meeting  together  in  the 
centre,  due  to  the  pressure  of  the  blood,  these  three  flaps  form 
a barrier  to  the  return  of  the  blood  after  it  has  been  forced  into 
the  artery  from  the  ventricle.  The  opening  to  the  pulmonary 
artery  is  behind  a flap  of  the  tricuspid  valve.  Insert  a rod  in 
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the  aorta  and  notice  that  the  rod  passes  into  the  left  ventricle  ; 
open  out  the  aorta  down  to  its  junction  with  the  ventricle  and 
note-three  flaps  forming  the  semi-lunar  valves  of  the  aorta. 
When  the  blood  is  forced  from  the  left  ventricle,  its  return  is 
prevented  by  the  opening  out  of  the  flaps  across  the  artery. 
The  valves  are  now  said  to  be  closed  against  the  return  of 
the  blood  ; the  next  contraction  of  the  ventricle  will  force  them 
open,  and  they  will  be  pressed  against  the  inside  of  the  aorta. 
A similar  action  takes  place  with  the  semi-lunar  valves  at  the 
outlet  of  the  pulmonary  artery  from  the  right  ventricle. 

It  should  be  noted  that  just  above  two  of  the  flaps  of  the 
semi-lunar  valves' of  the  aorta  are  the  openings  of  the  coronary 
arteries  ; these  supply  the  substance  of  the  heart,  and  the  one 
coronary  vein  may  be  seen  opening  into  the  right  auricle,  pro- 
tected by  a fold  of  the  lining  of  the  heart  forming  the  coronary 
valve,  between  the  opening  of  the  inferior  vena  cava  and  the 
aperture  into  the  ventricle. 

The  mouth  of  the  inferior  vena  cava  also  has  a partial 
valvular  fold  of  membrane,  whilst  the  first  portion  of  the 
superior  vena  cava  is  a continuation  of  the  muscular  wall  of 
the  right  auricle,  and  upon  the  contraction  of  the  right  auricle 
this  serves  to  prevent  the  return  of  the  blood  into  the  vein. 


CHAPTER  XI 


THE  BLOOD  VESSELS  AND  CIRCULATION 

The  heart,  situated  in  the  thorax,  receives  blood  by  a system 
of  tubes  or  vessels,  and  pumps  the  blood  into  another  set  of 
vessels,  and  between  these  there  is  a third  set.  The  blood 
vessels  are  conveniently  described  as  arteries,  veins,  and  capil- 
laries. Arteries  are  vessels  which  carry  blood  from  the  heart 
to  all  parts  of  the  body ; veins  are  vessels  which  return  the 
blood  from  all  parts  of  the  body  to  the  heart ; capillaries  are 
vessels  which  come  between  arteries  and  veins.  The  latter 
distribute  nourishment  to  the  tissues,  and  also  take  up  waste 
matters.  The  blood  is  continually  circulating  from  the  heart 
into  the  arteries,  then  entering  the  capillaries,  and  finally  reach- 
ing the  heart  through  the  veins. 

The  main  artery,  the  Aorta,  arises  from  the  upper  part  of 
the  left  ventricle  ; it  proceeds  a little  way  towards  the  upper 
part  of  the  thorax,  forms  an  arch,  bends  downwards  through 
the  thorax  near  the  back-bone  ; passes  through  the  diaphragm, 
thence  it  finds  its  way  down  the  abdomen  and  divides  into 
two  main  branches,  one  to  each  leg.  From  the  arch  of  the 
aorta  four  branches  arise,  namely,  two  carotid  arteries  and  two 
subclavian.  The  carotids  pass  up  the  neck  and  supply  the 
head  and  the  brain  with  blood,  whilst  the  subclavians  and 
their  branches  supply  the  parts  of  the  arms.  By  branches 
from  the  descending  aorta,  all  parts  of  the  thorax,  abdomen, 
and  lower  limbs  are  supplied.  Following  this  frequent  branch- 
ing of  the  main  artery,  the  arteries  diminish  in  size  from  about 
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J of  an  inch  to,  as  small  as,  ^th  or  30V <ith  of  an  inch  in 
diameter.  When  so  reduced  in  size  they  become  capillaries. 
We  must  not,  however,  think  of  the  aorta  having  to  pass 
through  all  this  reduction  in  size  as  a whole,  but  to  remember 
that  the  larger  branches  rapidly  give  off  small  branches,  and 
these  further  suffer  a rapid  reduction,  and  the  very  smallest 
arteries  pass  into  capillaries.  The  capillaries  are  exceedingly 


numerous,  occupying  nearly  every  tissue  of  the  body  in  close 
networks,  so  much  so  that  the  slightest  pin-prick  draws  blood 
from  them.  From  these  numerous  capillaries  arise  the  smallest 
veins,  about  as  small  as  the  capillaries  at  their  beginnings. 
By  frequent  unions  the  small  veins  form  into  larger  ones,  and 
finally  the  veins  from  all  parts  of  the  tissues  end  in  two  large 
trunks,  one  the  superior  vena  cava,  which  returns  all  the  blood 
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to  the  heart  from  the  head,  neck,  and  upper  limbs,  and  another, 
the  inferior  vena  cava,  which  returns  the  blood  to  the  heart 
from  all  parts  below,  the  lower  limbs,  abdomen,  and  thorax. 


The  blood  that  has  circulated  to  nourish  the  substance  of 
the  heart  is  gathered  into  a vein,  the  coronary,  which  opens 
into  the  right'  auricle  near  where  the  inferior  vena  cava  opens, 
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and  a little  distance  from  the  opening  of  the  superior  vena  cava. 
By  these  three  channels  all  the  blood  finds  its  way  back  to  the 
right  auricle  of  the  heart.  The  passage  of  the  blood  from  the 
left  side  of  the  heart  into  the  aorta,  and  by  means  of  its  branches 


Artery 

Fig.  36.  - Structure  of  artery  and  vein — sketched  from  the  microscope. 


Fig.  37. — Section  of  vein  showing  valves. 

A,  Closed;  B,  Open. 

reaching  every  organ  and  tissue  of  the  body,  thence  into  the 
capillaries  and  from  these  into  the  smallest  veins,  these  again 
into  larger  veins  and  finally  into  the  heart  itself  by  two  venae 
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cavae  and  the  coronary  vein,  completes  the  greater  or 
systemic  circulation. 

The  Portal  Circulation  is  a branch  of  the  systemic  circu- 
lation. After  the  blood  has  circulated  in  the  stomach,  intes- 
tines, spleen,  and  pancreas,  it  is  gathered  into  a large  vein,  the 
Portal  vein,  formed  by  the  union  of  the  veins  from  these 
organs.  The  portal  vein  now  enters  the  liver,  and  the  blood 
circulates  a second  time  through  capillaries  which  run  amidst 
the  liver  cells.  Thus  instead  of  the  blood  passing  directly 
into  the  inferior  vena  cava  from  the  above-named  organs,  it  is 
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Fig.  s8. — Skin  of  frog’s  foot,  showing  the  course  of  the  circulation 
of  the  blood. 

first  made  to  circulate  through  the  liver,  and  during  its  pas- 
sage certain  things  are  removed  from  the  blood  by  the  liver 
cells  before  it  enters  the  general  circulation.  It  must  be  re- 
membered that  the  liver  has  a supply  of  blood  from  the  sys- 
temic circulation  like  every  other  organ  of  the  body,  as  well  as 
the  portal  supply  just  indicated. 

Pulmonary  Circulation,  The  blood  having  returned  to 
the  right  auricle  of  the  heart,  it  passes  into  the  right  ventricle, 
and  is  then  forced  into  the  pulmonary  artery,  proceeding  by 
right  and  left  branches  to  the  lungs.  It  next  passes  into  close- 
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set  capillaries  which  are  distributed  all  over  the  air-sacs  of  the 
lungs.  From  the  capillaries  arise  the  finest  veins,  and  these, 
becoming  larger  by  frequent  unions,  finally  leave  the  lungs  as 
pulmonary  veins  ; four  in  the  case  of  the  human  subject,  but 
only  two  in  the  case  of  sheep.  These  veins  open  into  the  left 
auricle,  thus  completing  the  pulmonary  or  lesser  circulation. 

It  is  now  necessary  to  consider  the  structures  of  the  blood 
vessels  in  order  to  understand  how  the  blood  is  kept  circu- 
lating. 

Arteries  are  strong,  tough,  flexible  tubes — a little  pres- 
sure will  cause  the  structure  to  stretch,  and  upon  the  release 
of  the  pressure  recoil  takes  place,  showing  that  they  are  elastic 
as  well  as  tough.  Take  a piece  of  the  large  artery  running  as  a 
white  tube  down  the  inside  of  a sheep  near  the  back-bone,  or  a 
piece  of  one  of  the  arteries  from  the  base  of  a sheep’s  heart — 
test  it  as  suggested  above  ; next,  notice  that  the  artery  has 
three  layers  or  coats,  not  difficult  to  peel  off.  An  outer  coat 
of  rather  loose  connective  tissue  ; a middle  coat,  thick, 
and  made  up  of  elastic  and  muscular  tissue  ; and  a thin, 
smooth,  epithelial  coat  on  the  inner  side,  resting  upon  elastic 
tissue. 

Microscopical  examination  of  the  coats  of  the  arteries  is 
necessary  in  order  to  determine  the  nature  of  the  structures 
present.  Compared  with  the  larger  arteries  it  is  found  that 
the  smaller  arteries  have  proportionately  more  muscular  and 
less  elastic  tissue  present  in  their  walls. 

The  muscular  tissue  is  supplied  with  nerves,  and  it  serves  to 
regulate  the  size  of  the  outlet  into  the  capillaries.  In  this 
way  the  quantity  of  blood  passing  into  an  organ  or  tissue  is 
controlled  according  to  requirements  of  the  tissue.  The 
larger  arteries,  and  especially  those  near  the  heart,  possess 
more  of  the  elastic  element  to  allow  of  distension  and  so 
accommodate  more  blood  forced  into  them  by  successive 
contractions  of  the  heart.  Between  two  contractions  of  the 
heart  the  pressure  is  less,  and  the  stretched  elastic  tissue 
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recoils  and  presses  onward  the  blood  contained  in  the 
arteries,  or  in  other  words,  the  elastic  recoil  helps  to  main- 
tain the  circulation.  It  does  more,  it  helps  to  convert  the 
intermittent  pumping  of  the  blood  by  the  heart  into  the 
arteries  into  a continuous  stream  of  blood  into  the  capillaries. 

Veins  are  similar  in  structure  to  arteries.  Three  coats, 
the  outer,  middle,  and  inner,  are  present,  but  the  quantity  of 
muscular  and  elastic  tissue  is  less,  and  veins  are  accordingly 
thinner  in  their  walls.  When  empty  the  walls  of  veins  collapse 
or  come  together,  whereas  in  the  case  of  arteries  with  thicker 
walls,  they  stand  open  under  similar  conditions,  a fact  to  be 
noted  when  dissecting  an  animal. 

If  the  interior  walls  of  the  veins,  especially  those  subject  to 
pressure,  be  examined,  small  pocket-like  valves  will  be  found 
usually  arranged  in  pairs.  The  free  border  or  mouth  of  each 
valve  faces  the  way  the  blood  is  flowing,  that  is,  in  the 
direction  of  the  heart. 

Press  on  the  superficial  veins  of  the  skin  of  the  back  of 
the  hand  or  arm  and  note  the  slight  swelling  in  knots  behind 
the  seat  of  pressure.  The  interference  of  the  onward  flow  of 
blood  has  brought  the  little  pocket  valves  out  from  the  sides 
of  the  vessel  to  form  a barrier.  When  the  pressure  is  removed 
the  knotted  appearance  of  the  vessel  disappears. 

Valves  are  absent  from  arteries,  except  in  two  cases  ; 
the  aorta  and  pulmonary  artery  at  their  junctions  with  the 
heart,  where  each  has  three  semi-lunar  valves.  Valves  of  the 
veins  and  valves  of  the  heart  are  so  placed  as  to  prevent 
the  flow  of  blood  proceeding  other  than  in  one  direction.  It 
can  flow  from  auricle  to  ventricle,  from  ventricle  into  arteries, 
through  capillaries  and  onward  through  the  veins  to  the  right 
side  of  the  heart. 

Veins  are  more  numerous  than  arteries  and  are  arranged  in 
two  sets  : superficial,  those  immediately  below  the  skin,  and  a set, 
situated  deeper  in  the  tissue  and  running  in  company  with  the 
arteries,  often  in  pairs.  Both  arteries  and  veins  have  frequent 
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joinings  which  ensure  the  passage  of  blood  under  temporary 
pressure.  Arteries  are  better  protected  than  veins  as  a rule, 
they  run  deeper,  and  they  are  often  protected  by  being  on  the 
inner  side  of  bones. 

The  structure  of  a capillary  is  simple,  being  composed  of  a 
single  layer  of  epithelial  cells,  held  together  at  their  edges 
in  such  a manner  as  to  be  permeable  to  the  passage  of  liquids 
and  gases,  The  average  diameter  of  a capillary  is  about 
-g^ooth  of  an  inch.  Capillaries  are  arranged  in  networks  in  the 
midst  of  the  minute  structures  of  all  the  organs  of  the  body. 
To  examine  under  the  microscope  a piece  of  tissue  which  has 
had  the  vessels  injected  with  a coloured  substance,  is  to  look 
upon  a close  network  of  coloured  lines  running  intimately  be- 
tween the  cells  and  fibres  of  all  the  tissues.  The  capillaries  are 
vastly  more  numerous  than  either  arteries  or  veins.  When  seen 
in  the  living  tissues,  such  as  the  tail  of  a tadpole  or  the  web  of 
a frog’s  foot,  the  capillaries  form  an  intimate  meshwork 
connecting  arteries  and  veins,  In  such  a view  the  oval, 
coloured  blood  cells  are  seen  in  striking  procession  and  order, 
passing  quickly  along  a colourless  liquid  stream  of  plasma, 
whilst  the  colourless  blood  cells  may  be  seen  clinging  to  the 
inside  of  the  vessels. 


CHAPTER  XII 


THE  HEART  IN  ACTION 

In  the  preceding  chapters  the  heart  and  blood  vessels,  their 
several  structures  and  arrangement  of  parts,  have  been  con- 
sidered. If  the  suggestions  for  observation  and  simple  dis- 
section have  been  followed,  the  present  chapter  will  be  the 
more  readily  understood.  Neglect  to  examine  the  chambers 
pf  the  heart,  the  appearance  and  attachment  of  the  valves,  the 
connexions  of  the  larger  blood  vessels  with  the  heart  and  their 
more  obvious  characters,  will  lead  to  a failure  to  appreciate  the 
teaching  of  this  chapter. 

Beat  of  the  Heart.  From  the  beginning  to  the  end  of  life 
the  heart  beats.  The  impact  may  be  felt  between  the  fifth  and 
sixth  ribs,  a little  to  the  left  of  the  sternum  ; or  the  number  of 
beats  may  be  ascertained  by  counting  the  pulse  felt  above  the 
lower  end  of  the  radius.  In  the  healthy  adult  the  pulse  is  felt 
70  to  75  times  per  minute.  The  heart  then  is  beating  or  dis- 
tending and  contracting  this  number  of  times  every  minute. 
The  number  will  slightly  vary  in  different  positions  of  the  body  ; 
during  rest,  in  sleep,  and  in  reclining  positions  there  are  fewer 
beats  per  minute,  whilst  in  active  conditions  of  the  body  and 
under  excitement  the  number  of  beats  will  increase. 

Consider  the  heart  in  its  position  in  the  thorax  receiving 
blood  on  the  right  side  into  the  right  auricle  from  the  su- 
perior and  inferior  venae  cavae  and  coronary  vein,  and  on  the 
left  side  into  the  left  auricle  from  the  pulmonary  veins.  From 
the  auricles  some  of  the  blood  passes  straight  through  the 
auriculo-ventricular  apertures  into  the  ventricles.  The  ventricles 
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are  distending  to  receive  the  full  quantity  which  is  now  being 
pressed  in  under  the  contraction  of  the  auricles.  The  auricles  con- 
tract just  as  the  ventricles  complete  their  distension.  The  blood 
passed  into  the  ventricles  has  caused  the  bicuspid  and  tricuspid 
or  auriculo-ventricular  valves  to  float  up  and  close  off  the 
passages  from  the  ventricles  into  the  auricles.  The  flaps  of  these 
valves  are  held  in  position  and  kept  from  going  too  far  by  the 
tightening  of  the  tendinous  cords.  The  ventricles  are  filled  with 
blood,  and  their  muscular  walls  contract  in  a somewhat  spiral 
manner,  pressing  on  the  contained  blood.  The  blood  must 
either  go  back  into  the  auricles  or  onward  into  the  aorta  and 
pulmonary  artery.  It  cannot  return,  and  in  order  to  enter  the 
aorta  from  the  left  ventricle  and  the  pulmonary  artery  from  the 
right  ventricle,  the  pressure  on  the  blood  must  be  sufficient  to 
force  open  the  semi-lunar  valves  at  the  junction  of  each  of  these 
vessels.  This  is  done  ; the  flaps  of  membrane  forming  the  semi- 
lunar valves  at  the  entrance  to  the  aorta  and  pulmonary  artery 
when  pressed  against  the  sides  are  said  to  be  open,  and  the 
blood  escapes  ; that  from  the  right  ventricle  into  the  pulmonary 
artery  and  that  from  the  left  ventricle  into  the  aorta.  Remember 
that  as  soon  as  the  ventricles  cease  to  contract  they  open  out 
again,  and  the  blood  from  the  aorta  and  pulmonary  artery  has  a 
tendency  to  rush  back  into  the  ventricles,  and  in  doing  so  the 
flaps  or  pockets  forming  the  semi-lunar  valves  are  thrust  out 
from  the  sides  across  the  bore  of  the  vessels — they  form  a 
barrier,  and  the  valves  are  said  to  be  closed,  Whilst  this  is 
taking  place  the  auricles  have  been  filled,  some  blood  passed 
into  the  ventricles  through  the  auriculo-ventricular  apertures, 
the  contraction  of  the  auricles,  the  complete  discharge  into  the 
ventricles,  closure  of  the  bicuspid  and  tricuspid  valves,  and  the 
contraction  of  the  ventricles  once  more.  At  each  contrac- 
tion of  the  ventricles,  about  3 fluid  oz.  of  blood  are  pumped 
into  the  aorta  from  the  left  and  a similar  quantity  into  the 
pulmonary  artery  from  the  right  ventricle.  Like  quantities 
are  received  by  the  auricles. 
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Sounds  of  the  heart.  During  the  beat  of  the  heart  there 
may  be  heard  by  aid  of  a stethoscope  two  sounds.  The  first 
sound,  known  as  a dull,  heavy  sound,  is  probably  due  to  the 
vibration  of  the  bicuspid  and  tricuspid  valves  on  closing,  and 
in  part  to  the  sound  emitted  by  the  muscular  walls  of  the 
ventricles  on  contracting.  The  second  sound  is  short  and 
sharp,  and  has  been  shown  to  be  caused  by  the  closure  of  the 
semi-lunar  valves. 

The  heart  may  be  regarded  as  a muscular  pump,  receiving 
and  pumping  blood.  The  blood  received  into  the  right  auricle 
returns  from  all  parts  of  the  body  as  impure  or  venous  blood, 
and  some  of  its  impurities  have  to  be  excreted  by  the  lungs, 
particularly  the  gas,  carbon  dioxide.  The  blood  therefore 
passes  from  right  auricle  to  right  ventricle,  and  by  the  contrac- 
tion of  the  right  ventricle  is  forced  into  the  pulmonary  artery, 
which  at  once  divides  into  two  branches  and  conveys  the 
venous  blood  to  the  lungs  to  be  purified  and  returned  by  the 
pulmonary  veins  to  the  left  auricle.  By  the  contraction  of 
the  left  auricle  the  purified  blood,  arterial,  passes  into  the  left 
ventricle,  thence  into  the  aorta.  This  main  artery  gives  off 
branches  to  all  parts  of  the  body.  Whilst  the  heart  acts  as  a 
muscular  pump  the  blood  vessels  serve  as  distributing  tubes, 
and,  carefully  note,  a system  of  closed  tubes.  The  arteries 
open  out  of  the  heart,  a closed  pump,  and  the  veins  open  into 
the  heart;  the  blood  is  therefore  kept  circulating  from  heart 
to  arteries  and  by  veins  back  to  the  heart.  Consider  now  only 
the  aorta  and  its  branches.  The  heart  by  its  muscular  con- 
traction forces  about  3 oz.  of  blood  into  the  already  full 
arteries.  In  order  to  accommodate  the  extra  quantity,  the 
walls  of  the  arteries,  beginning  with  the  aorta,  distend  by 
virtue  of  the  elastic  tissue1  present ; the  semi-lunar  valves 
behind  are  closed  for  the  moment  until  the  next  contraction  of 
the  ventricle  takes  place  and  more  blood  is  forced  into  the 
aorta.  Immediately  after  the  elastic  tissue  of  the  aorta  has 
been  stretched  by  the  pressure  of  blood,  it  recoils  or  comes 
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back,  and  in  doing  so  presses  on  the  blood  and  the  pressure 
forces  it  forward  into  the  capillaries.  The  muscular  tissue  in  the 
smaller  arteries,  by  the  action  of  nerves  named  vaso-motor, 
keeps  them  in  a state  of  tension  and  regulates  the  quantity  of 
blood  that  shall  pass  into  the  tissues  of  the  body  at  any  one 
time  according  to  requirements. 

In  blushing,  what  happens  is  that  the  smaller  arteries  relax 
their  tension,  that  is,  the  muscular  tissue  is  relaxed,  and  more 
blood  flows  into  the  capillaries  and  gives  the  skin  a suffused 
red  appearance  and  a feeling  of  warmth,  If  in  turn  the 
muscular  tissue  in  the  walls  of  the  smaller  arteries  contracts 
more  than  usual,  then  the  quantity  of  blood  passing  is  re- 
stricted or  reduced  and  the  skin  looks  pale  and  feels  cold  ; 
this  condition  is  known  as  pallor.  Careful  attention  to  the 
explanation  of  blushing  and  pallor  enables  the  student  to  see 
the  important  use  of  the  regulating  action  of  the  muscular  tissue 
of  the  arteries.  In  the  case  of  an  organ  or  tissue  requiring 
more  blood  to  meet  the  needs  of  greater  activity,  it  comes  into 
play  by  relaxing  ; or  there  may  be  less  blood  required  to  a part ; 
again  the  regulation  action  of  the  muscular  coat  comes  into 
play,  this  time  by  contraction. 

Blood  Pressure.  To  understand  the  action  of  the  elastic 
tissue  found  freely  in  the  larger  arteries,  return  to  what  happens 
to  the  aorta  when  the  left  ventricle  contracts  and  forces  more 
blood  into  the  already  full  artery.  The  blood  in  the  artery  is 
partly  pushed  forward  by  the  pressure,  but  most  of  the  pressure 
is  expended  in  distending  the  elastic  tissue  of  the  walls,  and  this 
pressure  is  spoken  of  as  blood  pressure.  This  pressure  passes 
along  the  arteries  as  the  blood  is  pushed  forward,  but  decreases 
in  force  the  farther  it  gets  from  the  beginning  of  the  aorta.  The 
heart  then  acting  as  a pump,  forces  a given  quantity  of  blood  into 
tubes  with  elastic  walls  and  causes  their  distension  ; and  the 
recoil  of  the  walls  presses  on  the  stream  of  blood,  pressing  it 
into  the  myriads  of  capillaries,  thence  to  the  veins,  during 
which  blood  pressure  has  become  greatly  reduced.  If  the 
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smaller  arteries  are  unduly  contracted,  the  blood  leaves  the 
arteries  less  freely,  and  blood  pressure  becomes  high  ; this 
might  lead  to  a strain  on  the  heart.  Blood  pressure  will  be 
lowered  if  the  outflow  of  blood  into  the  capillaries  be  freer. 
From  this  brief  consideration  we  see  the  value  of  the 
elasticity  in  the  arteries,  especially  in  those  situated  near  the 
heart.  The  blood  is  maintained  in  its  circulation  by  its  recoil, 
and  its  distension  depends  more  or  less  upon  blood  pressure ; 
and,  moreover,  the  condition  of  the  smaller  arteries  in  regu- 
lating the  outflow  has  much  to  do  with  high  and  low  blood 
pressure. 

The  Pulse,  We  feel  the  pulse  at  the  wrist  as  a rule,  be- 
cause it  is  convenient  to  feel  it  there.  It  may,  however,  be  felt 
at  any  part  of  the  body  where  the  arteries  come  near  enough 
to  the  surface.  It  feels  like  a pressing  up  and  a falling  away  of 
some  yielding  structure  repeated  so  freely  that  it  is  at  first  diffi- 
cult to  count  the  number  of  elevations.  Try  for  half  a minute  ; 
the  number  will  be  probably  35  to  37,  or  at  the  rate  of  70  to  75 
per  minute.  Exert  yourself,  the  number  is  increased  ; next  sit 
quietly  for  a time,  and  you  may  recognize  a slight  decrease  in  the 
number.  This  slight  elevation  of  the  arterial  wall  is  felt  each 
time  the  heart  beats,  and  is  due  to  the  overfilling  of  the 
arteries.  When  the  left  ventricle  contracts  and  forces  a given 
quantity  of  blood  into  the  already  full  arteries,  there  is  disten- 
sion of  the  walls  of  the  arteries  beginning  with  the  aorta,  and  a 
wave-like  motion  passes  along  the  whole  of  the  arteries  causing 
a slight  momentary  elevation,  followed  by  another  and  so  on  in 
-quick  succession.  It  is  not  the  whole  volume  of  blood  in  the 
aorta  pushed  forward  that  is  felt,  but  a wave  of  distension  of 
the  walls  making  them  firmer.  The  distension  of  the  aorta 
will  be  greatest,  in  other  words,  the  strongest  pulse  will  be  at 
the  aorta,  and  as  the  wave  of  distension  proceeds,  the  pulsation 
diminishes  in  intensity  until  it  is  practically  lost  in  the  capil- 
laries. The  pulse  wave  travelling  over  the  arterial  walls 
is  rapid,  whilst  the  actual  velocity  of  the  blood  is  com- 
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paratively  slow.  It  has  been  ascertained  that  whilst  the  blood 
travels  1 ft.,  the  pulse  wave  has  travelled  about  18  ft.  The 
rate  at  which  the  blood  travels  in  the  blood  vessels  varies,  being 
greatest  in  the  arteries,  very  much  slower  in  the  veins,  and 
slowest  in  the  capillaries.  The  dividing  up  of  the  stream  of 
blood  mainly  accounts  for  this ; the  veins  are  far  more  numerous 
than  the  arteries,  and  the  untold  subdivisions  of  the  capillary 
vessels  multiply  their  number  enormously.  This  fact  will  be 
readily  appreciated  when  it  is  realized  that  it  is  through  the 
capillaries  with  their  thin  walls  that  nearly  the  whole  of  the 
tissues  are  irrigated  and  nourished. 

The  tissues  containing  blood  vessels  are  named  vascular  ; 
certain  parts  of  the  tissues  are  nourished  indirectly  and  do 
not  contain  capillaries.  The  outer  skin  or  epidermis  will  not 
bleed  if  you  are  careful  not  to  Cut  below  it ; the  hairs  and  nails 
are  cut  and  do  not  bleed.  These  must  be  regarded  as  dead 
structures.  The  enamel  forming  the  crown  of  the  teeth,  the 
cornea  of  the  eye,  and  some  cartilage  structures  are  without 
capillaries  but  are  nourished  indirectly.  These  are  named  non- 
vascular  tissues. 


CHAPTER  XIII 


THE  BLOOD 

The  blood  is  often  referred  to  as  the  “ river  of  life  ” to  the 
body,  and  this  is  strictly  true.  The  blood  courses  in  many 
streams  laden  with  nourishment  to  every  part,  and  returns  with 
waste  matters  to  ports  of  discharge.  To  witness  the  course  of 
these  nourishing  streams  in  the  midst  of  the  tissues  is  a sight 
of  great  interest  and  full  of  instruction.  The  tail  of  a tadpole, 
or  the  web  between  the  toes  of  a frog’s  foot,  is  thin  enough  to 
allow  of  the  circulation  of  the  blood  to  be  seen  when  placed 
under  the  microscope.  The  red  stream  swiftly  passes  along 
large  vessels,  the  arteries  ; next  it  is  seen  in  fine  and  almost 
colourless  streams  flowing  in  a network  of  capillaries,  and  from 
these  entering  larger  vessels,  the  veins.  Thus  minute  streams 
of  liquid  nourishment  pass  intimately  into  the  midst  of  every 
tissue.  The  thin  walls  of  the  capillaries  permit  some  of  the 
liquid  portion  of  the  blood,  the  plasma,  to  pass  through,  and 
it  literally  bathes  the  tissues.  Outside  the  blood  vessels  the 
plasma  is  known  as  lymph,  the  nature  of  which  is  considered 
in  the  chapter  on  Lymphatics. 

The  blood  is  constantly  circulating  and  supplying  nour- 
ishment to  the  tissues.  Its  composition  therefore  must  be 
such  as  to  meet  the  changing  needs  of  every  tissue.  The  blood 
is  freely  enriched  by  substances  added  to  it  through  the 
channels  of  the  digestive  organs,  whilst  on  the  other  hand 
it  continually  receives  substances  which  would  prove  harmful 
to  the  body  if  retained,  and  these  have  to  be  removed  and  dis- 
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charged  by  the  excretory  organs,  The  blood  further  is  the 
medium  by  which  oxygen  is  carried  to  every  tissue, 

What  is  blood  ? We  are  familiar  with  blood  as  a red 
liquid  that  freely  circulates  in  vessels  to  every  part  of  the  body, 
and  if  the  skin  be  broken  it  exudes.  When  taken  from  the 
body  we  have  noticed  doubtless  that  it  becomes  clotted,  forming 
a red,  jelly-like  substance.  In  the  case  of  a cut  of  the  skin,  the 
blood  may  be  seen  to  form  a jelly  mass  and  stop  the  bleeding. 
This  is  Nature’s  way  of  arresting  the  bleeding. 

A drop  of  blood  spread  out  and  examined  under  the 
microscope  shows  a large  number  of  rounded-looking  bodies, 


floating  in  a nearly  colourless  liquid,  the  corpuscles  and  the 
plasma.  In  a minute  or  two  after  the  drop  of  blood  has  been 
drawn  from  the  body  and  placed  under  the  microscope,  the 
rounded  bodies,  which  are  of  a reddish  colour,  may  be  seen  to 
join  at  their  surfaces  and  appear  in  rolls,  like  rolls  of  coin 
which  have  been  tipped  over,  but  still  in  touch.  The  rolls  are 
also  observed  to  cross,  and  in  the  spaces  between  the  rolls  are 
seen  a few  globular,  granular,  colourless  corpuscles,  and 
at  times  some  of  these  colourless  corpuscles  will  be  seen  to  be 
irregular.  In  this  way  we  note  that  there  are  two  kinds  of 
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blood  corpuscles.  The  red,  very  numerous,  and  the  white 
or  colourless,  which  are  few  in  number.  On  an  average  there 
are  500  or  600  red  to  1 white.  The  white  increase  soon 
after  a meal  and  decrease  in  number  during  fasting. 

Red  Corpuscles.  The  human  red  corpuscle  is  about  g-^^th 
of  an  inch  in  diameter.  The  red  corpuscles  are  of  a proto- 
plasmic nature  surrounded  by  a thin,  filmy,  protective 
portion,  and  they  have  within  them  a colouring  substance  con- 
taining iron  combined  with  another  substance,  globulin,  forming 
haemoglobin.  Each  minute  protoplasmic  mass,  with  its  pig- 
ment, is  in  the  form  of. a disc,  with  the  centre  thinner  than  the 
surrounding  portion.  The  red  corpuscles  have  a slightly  elastic 
character  ; when  they  get  squeezed  in  turning  the  corners  of 
blood  vessels  their  outline  becomes  altered,  but  on  removal  of  the 
pressure  the  disc  form  is  resumed.  The  red  corpuscles  are 
not  strictly  cells,  for  no  nucleus  is  found  present. 

White  or  colourless  corpuscles.  These  are  nucleated, 
protoplasmic  bodies  with  few  or  many  granules  present. 
Many  of  the  white  corpuscles  contain  more  than  one  nucleus. 
When  resting  they  often  assume  a globular  form,  but  at  other 
times  they  are  irregular.  The  irregular  appearance  is  due  to 
minute  projections,  pushed  out  from  the  body  of  the  corpuscle. 
The  pushing  out  of  these  projections  allows  the  corpuscles  to  move 
along  independently  of  the  blood  stream,  and  even  to  crawl 
through  between  the  cells  of  the  capillary  walls.  They  escape 
from  the  vessels,  and  are  found  in  the  lymph  which  bathes 
the  tissues.  This  special  form  of  movement  has  been  termed 
amoeboid,  because  it  resembles  that  performed  by  the  lowly 
animal,  the  Amoeba,  previously  referred  to.  The  white  cor- 
puscles can  alter  their  form  and  do  it  freely  at  the  tempera- 
ture of  the  body.  They  crawl  along  the  sides  of  the  blood 
stream,  whilst  the  red  corpuscles  usually  travel  along  the 
centre. 

Examine  a drop  of  frog’s  blood  as  well  as  human  blood.  In 
the  frog’s  blood  the  irregular  character  of  the  white  cells  can 
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be  well  seen,  and  in  this  case  the  red  corpuscles  are  large,  oval, 
nucleated  cells, 

Plasma  is  the  name  given  to  the  liquid  portion  of  the 
blood  apart  from  the  corpuscles.  It  is  water,  with  certain 
substances  held  in  solution,  giving  a pale  yellowish  fluid  of  a 
slightly  viscid  nature.  If  blood  be  drawn  from  the  body  and 
the  vessel  surrounded  with  ice,  the  corpuscles  in  a short  time 
will  begin  to  sink  and  leave  a pale  yellowish  plasma  at  the 
top. 

Plasma  is  found  to  contain  substances  known  as  proteids. 
All  proteids  contain  the  chemical  elements,  carbon,  hydrogen, 
oxygen,  and  nitrogen  ; these  are  essential,  but  sulphur  and 
phosphorus  are  associated  with  most  proteids.  The  proteid 
substances  of  plasma  are  serum-albumin,  serum-globulin,  and 
fibrinogen.  Plasma  also  contains  salts  of  soda,  potash,  lime, 
and  magnesia,  as  well  as  traces  of  fat,  sugar,  and  urea. 

Coagulation.  If  blood  be  drawn  into  a basin,  say  about  half 
a pint,  and  allowed  to  stand  for  twenty  minutes,  it  sets  into  a 
jelly  or  coagulates.  Soon  drops  of  pale  straw-coloured  fluid 
appear,  these  accumulate,  and  as  the  jelly  mass,  now  named 
the  clot,  shrinks,  the  fluid  increases,  being  squeezed  out  of  the 
clot.  The  fluid  thus  obtained  is  serum  ; it  is  similar  to  plasma 
with  this  important  difference,  it  contains  no  fibrinogen. 
When  clotting  or  coagulation  of  the  blood  takes  place,  there  are 
formed  a number  of  very  fine  threads  of  a substance  named 
fibrin.  These  threads  entangle  and  hold  together  the  cor- 
puscles ; at  the  same  time  the  fibres  gradually  draw  together 
and  squeeze  out  a pale  yellow  fluid,  serum. 

Take  a piece  of  the  clot  and  wash  it  well  under  running 
water  until  the  corpuscles  have  been  washed  away,  there  are 
left  behind  some  whitish  threads  of  fibrin.  These  fibres  of  fibrin 
have  been  formed  during  the  coagulation  of  the  blood,  and  they 
are  elastic  in  character.  In  the  clot  they  tend  to  contract 
and  squeeze  out  the  serum.  The  fibrin  fibres  do  not  exist  in 
the  blood  when  it  is  kept  liquid.  When  fresh  blood  is  whipped 
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with  a bunch  of  twigs,  whitish  fibres  become  attached  to  the 
twigs ; if  these  are  washed  and  tested,  they  prove  to  be  fibrin. 
After  the  removal  of  these  fibrin  fibres,  the  blood  will  not 
clot.  It  can  be  shown  that  when  blood  clots,  these  fibres  are 
formed  from  the  substance  fibrinogen  of  the  plasma,  by  the 
action  of  a ferment  substance  in  the  presence  of  certain  lime 
salts.  The  ferment  is  derived  probably  from  the  white  cor- 
puscles. The  substance  fibrinogen  is  absent  both  from  the 
serum  and  from  the  clot,  it  having  been  changed  into  fibrin 
as  explained  above. 

The  clot  contains  all  the  red  corpuscles  and  most  of  the 
colourless  corpuscles.  If  the  clot  be  excluded  from  the  air  it 
becomes  dark  red  in  colour,  but  let  it  be  exposed  freely  to  air 
or  oxygen  gas  and  it  becomes  bright  red.  The  colouring 
substance,  haemoglobin,  of  the  red  corpuscles  has  an 
affinity  for  oxygen  ; it  combines  readily  with  it,  and  in  doing 
so  the  clot  becomes  changed  to  a bright  red  ; if  deprived  of 
oxygen  it  loses  its  colour  and  assumes  the  dark  red. 

The  taking  up  and  the  giving  up  of  oxygen  readily*  by  the 
haemoglobin  contained  in  the  red  corpuscles,  make  the  red 
corpuscles  of  great  value  in  the  circulating  blood.  The 
haemoglobin  compound  is  dependent  for  this  liking  for  oxy- 
gen by  the  presence  of  iron  ; this  element,  although  present 
in  very  small  quantity,  is  of  the  utmost  service  to  the  well- 
being of  the  body.  The  reduced  quantity  of  iron  in  the  sys- 
tem often  shows  itself  in  a pale,  unhealthy  condition. 

Whilst  haemoglobin  forms  a valuable  combination  with  oxy- 
gen, it  sometimes  forms  a very  .dangerous  one  with  carbon 
monoxide.  This  combination  is  a firm  one,  which  prevents 
the  haemoglobin  taking  up  oxygen,  and  highly  poisonous 
effects  follow. 

“Blood  is  thicker  than  water,”  i.e.,  it  is  heavier  than  water; 
let  a drop  of  blood  fall  into  water  and  it  sinks.  The  density 
or  weight  of  blood  compared  with  water  is  its  S.G.  or  Specific 
Gravity.  If  water  be  taken  as  1000,  then  blood  varies  between 
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1055  and  1060  at  6o°  F.  Blood  is  water  plus  certain  sub- 
stances in  solution,  and  containing  bodies  or  corpuscles.  Its 
composition  must  vary,  because  it  is  continually  taking  up 
and  giving  up  substances,  but  in  order  to  maintain  a condition 
of  health  it  is  only  possible  for  the  blood  to  vary  within  very 
narrow  limits.  Like  the  maintenance  of  a constant  tem- 
perature by  a remarkable  balancing  of  functions,  so  in  the  case 
of  the  composition  of  the  blood  it  is  well  regulated  under 
normal  conditions  of  the  body. 

Water  plays  an  important  part  in  all  the  functions  of  the 
body.  The  fluids  of  the  body  are  chiefly  water.  In  the  case 
of  the  blood  there  is  about  79  per  cent  of  water  and  21  per 
cent  of  solids.  In  the  plasma  is  found  about  90  per  cent, 
and  in  the  corpuscles  about  67  per  cent,  of  water. 

The  mineral  salts  dissolved  in  the  blood  are  small  in 
quantity  but  very  important.  There  is  a remarkable  capacity 
on  the  part  of  the  blood  to  take  up  mineral  substances,  as 
well  as  other  things  as  required,  according  to  the  demands  of 
the  body.  Think  of  what  happens  when  hard  structures  such 
as  bones  are  being  formed.  The  demand  for  mineral  salts 
is  great,  and  the  blood  is  ready  to  meet  with  it,  and  the  same 
is  found  in  other'  cases  of  special  requirements  of  the  body. 


CHAPTER  XIV 
RESPIRATION 

The  function  of  Respiration  or  breathing  consists  of  In- 
spiration and  Expiration,  the  passage  of  air  into  and  the  passage 
of  air  out  of  the  lungs.  From  the  first  inspiration  taken  at 
birth,  expiration  has  followed  on  inspiration,  and  under  normal 
conditions  without  the  slightest  effort  on  our  part.  Asleep  or 
awake  the  mechanism  of  respiration  goes  on  with  perfect  regu- 
larity. That  it  should  proceed  without  any  effort  on  our  part 
at  once  shows  it  to  be  an  involuntary  act,  i.e.,  independent  of 
our  will.  We  just  as  readily,  however,  realize  it  to  be  subject 
to  control  when  we  modify  it  in  speaking  and  singing.  The 
essential  object  served  by  respiration  is  to  take  in  air,  to  sup- 
ply oxygen  gas  to  the  blood,  and  at  the  same  time  to  receive 
from  the  blood,  as  it  courses  through  the  capillaries  of  the  lungs, 
waste  products,  carbon-dioxide  gas  chiefly,  but  also  water  vapour 
and  organic  matter.  To  this  end,  the  breathing  organs,  the 
lungs,  communicate  with  the  external  air  by  way  of  the  nose 
and  mouth.  The  nose  is  the  proper  inlet  for  air  to  the  lungs, 
whilst  the  mouth  is  more  concerned  in  the  passage  of  food  to 
the  stomach.  To  understand  this  important  function  of  breath- 
ing we  must  carefully  consider  and  examine  the  parts  concerned 
in  its  mechanism,  the  Thorax  and  Lungs. 

The  Thorax,  forming  the  upper  division  of  the  trunk,  com- 
monly spoken  of  as  the  chest,  is  separated  from  the  abdomen 
by  an  arched  partition,  composed  of  muscle  and  tendon,  and 
named  the  diaphragm.  The  examination  of  the  thoracic 
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cavity  in  a rabbit  will  show  the  interior  to  be  smooth,  due  to  a 
lining  of  membrane,  part  of  the  pleura  ; the  cavity  itself  is 
cone-shaped,  the  broad  base  is  formed  by  the  diaphragm. 
Upon  this  rests  the  concave,  lower  portions  of  two  pink,  spongy 
masses,  the  lungs  ; these  in  the  distended  state  fill  most  of  the 
cone-shaped  thorax,  the  heart  occupying  a space  about  midway 
between  the  two  lungs.  The  lungs  are  rendered  perfectly 
smooth  outside  by  a layer  of  the  pleura,  and  when  inflated  this 
surface  is  in  contact  with  the  layer  of  the  pleura  that  lines  the 
cavity  of  the  thorax.  The  Pleura,  then,  is  a thin  connective 
tissue  membrane  of  two  layers,  kept  in  contact  and  moistened 
by  a serous  fluid  to  allow  of  smooth  working  of  the  lungs. 

The  thoracic  cavity  is  bounded  by  the  twelve  dorsal  verte- 
brae at  the  back  ; and  at  the  sides  and  front  by  the  twelve  pairs 
of  ribs  and  sternum.  The  ribs  sweep  round  from  the  vertebrae, 
seven  pairs  become  joined  directly  and  three  pairs  indirectly 
to  the  sternum  in  front,  two  pairs — eleventh  and  twelfth — are 
floating,  that  is,  having  no  connexion  in  front.  Note  the  posi- 
tion of  the  ribs  is  downwards  and  forwards,  and  they  become 
joined  to  the  sternum  by  costal  or  rib  cartilages  which  bend 
sharply  upwards  from  their  junctions  with  the  ribs  to  meet  and 
join  the  sternum.  The  curving  of  the  ribs  from  the  vertebrae 
and  their  upward  junction  with  the  sternum  allows  the  cavity 
of  the  thorax  to  be  deeper  at  the  back  than  at  the  front,  and 
the  lungs  are  correspondingly  shorter  in  front  than  behind. 
The  bony  and  cartilaginous  framework  of  the  thorax  is  thus 
arranged. 

Next,  the  muscular  structures  must  be  noted.  Filling  in  be- 
tween the  successive  pairs  of  ribs  are  seen  red  muscles,  named 
the  intercostals  ; there  are  two  layers — one  layer,  the  ex- 
ternal intercostals — the  fibres  of  which  run  from  the  rib 
above  to  the  rib  below,  downwards  and  forwards  ; the  other  set 
— the  internal  intercostals — run  from  the  rib  above  to  the  rib 
below,  downwards  and  backwards.  Outside  these  structures, 
bony  and  muscular,  are  the  large  muscles  of  the  breast  and 
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back,  and  covering  the  whole,  the  skin.  The  upper  narrow 
portion  of  the  thorax  is  closed  in  by  the  muscles  of  the  neck, 
the  windpipe,  and  great  blood  vessels,  whilst  the  floor  is  formed 
by  the  diaphragm. 

The  diaphragm  is  an  important  structure  in  breathing.  It 
forms  a dome  or  convex  portion  above,  and  below  a hollow, 
concave  portion.  It  has  a strong,  tendinous  attachment  to 
the  back-bone.  The  strong  fibres  arising  partly  from  the  lumbar 
vertebrae  spread  out  into  a central  portion,  from  which  a red 
muscular  portion  radiates  to  become  connected  with  the  lower 
ribs  and  their  cartilages  and  the  lower  end  of  the  sternum. 
When  this  muscular,  tendinous  diaphragm  contracts,  the 
floor  of  the  thorax  is  lowered  and  the  space  from  top  to  bottom 
is  increased. 

At  the  same  time  at  which  this  takes  place,  the  external 
intercostal  muscles  contract  and  raise  the  ribs  from  a sloping 
position  to  the  horizontal  position,  and  in  doing  so  slightly 
thrust  forward  the  breast-bone  to  which  they  are  attached 
in  front.  The  distance  from  front  to  back  is  increased,  and, 
moreover,  by  virtue  of  the  curved  nature  of  the  ribs,  there  is 
also  an  increase  of  space  from  side  to  side.  Thus  the  thorax 
is  enlarged  from  front  to  back,  side  to  side,  and  top  to  bottom, 
and  in  inspiration  the  lungs  follow  this  enlargement  of 
the  cavity. 

Observe  closely  the  structures  and  arrangement  of  the  parts 
in  the  thorax  of  a rabbit  from  which  the  organs  have  been 
removed  by  cutting  away  one  side  of  the  chest  wall  whilst 
leaving  the  sternum  and  diaphragm  intact.  Draw  down  the 
sternum  slightly,  then  press  upward  a little  and  note  the  en- 
largement of  the  cavity. 

Supplement  this  observation  by  placing  your  arms  in  a 
sloping  position  with  the  tips  of  the  fingers  touching,  and  slowly 
raise  the  arms  to  the  horizontal  position.  In  doing  so,  let  the 
fingers,  which  represent  the  sternum,  go  outward  slightly  and 
allow  the  elbows  to  bow  out  to  represent  the  curves  of  the  ribs. 
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Fig.  40. — Thorax  and  diaphragm. 
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It  will  now  be  noted  that  the  space  between  the  arms  and  the 
body  has  been  increased  from  side  to  side  and  from  front  to  back. 
This  experiment  will  roughly  illustrate  what  follows  in  relation 
to  the  thorax  when  the  ribs  are  raised.  It  must  be  kept  in 
mind,  however,  that  the  first  rib  is  practically  fixed,  and  the 
contraction  of  the  external  intercostal  muscles  has  the  tendency 
to  bring  each  successive  rib  near  the  one  above,  and  the  whole 
effect  is  to  increase  the  space  as  already  described. 

Lungs,  An  examination  of  the  lungs  should  be  made 
next.  Procure  the  entire  lungs  of  a sheep,  with  the  windpipe 
and  larynx  or  throttle  attached.  The  whole  mass  is  light  in 
weight,  readily  floats  in  water,  spongy  and  elastic  to  the  touch. 
Pinkish  in  colour,  smooth,  the  front  short  and  thin  at  the 
border,  the  back  long  and  thick.  The  right  lung  has  three 
divisions,  lobes,  the  left  two  lobes  ; a slight  subdivision  likely 
will  be  seen  as  well.  The  surface  of  the  lungs  has  a mottled 
appearance,  little  areas  marked  by  fine  lines  between  them  ; 
these  areas  indicate  subdivisions  known  as  lobules. 

Next  examine  the  larynx  at  the  upper  end  of  the  windpipe. 
Note  the  broad  shield  piece  of  cartilage,  thyroid  ; this  is  felt  at 
the  front  of  the  throat,  and  is  known  as  Adam’s  apple.  It  is 
imperfect  behind  and  embraces  another  cartilage,  cricoid.  These 
two  cartilages  form  the  front,  back,  and  sides  of  the  larynx. 
Look  into  this  enclosure  at  the  top  and  see  a V-shaped  open- 
ing, the  glottis,  bounded  by  the  vocal  cords.  Above  the 
opening  is  a leaf-like  piece  of  cartilage,  the  epiglottis,  very 
free  and  flexible ; press  it  down  and  it  closes  over  the 
glottis. 

The  Windpipe  or  trachea  is  made  up  of  a number  of 
hoops  or  rings  of  cartilage,  incomplete  behind,  against  which  a 
muscular  tube,  the  gullet,  lies.  The  rings  are  joined  to  one 
another  by  muscular  and  other  tissue,  and  similar  structures 
unite  the  ends  of  the  rings  at  the  back.  Inside  the  tube  is 
lined  by  a membrane,  mucous  membrane,  smooth  and  moist 
and  thrown  into  slight  ridges.  The  whole  tube  is  kept  freely 
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open  by  the  rings  of  cartilage  and  at  the  same  time  is  flexible, 
At  the  lower  end  the  long  windpipe  divides  into  two,  the 
bronchi,  and  these  freely  subdivide  into  numerous  smaller 
branches.  To  follow  this,  slit  open  one  side  of  the  lung 
following  the  main  tube  (bronchus).  It  is  similar  in  structure 
to  the  windpipe;  the  cartilages,  however,  are  now  in  small 
pieces,  not  rings,  but  serve  the  same  purpose,  namely,  to  keep 


Fig.  41. — Diagram  showing  passage  of  air  to  the  lungs. 


open  the  passages.  The  tube  has  frequent  outlets  into 
smaller  tubes  as  it  runs  through  the  spongy  mass. 

Next  cut  across  a portion  of  the  same  lung  and  carefully 
examine  the  cut  surface.  The  spongy  nature  of  the  lung  is 
very  evident.  Running  through  the  pinkish,  spongy  mass  are 
certain  tubes  of  various  sizes.  Some  of  the  openings  have 
cartilage  in  their  walls ; these  are  the  smaller  branches  of  the 
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bronchus,  the  bronchial  tubes.  Other  openings  have  no 
cartilage  present  ; these  are  small  arteries  ; they  are  stout 
enough  in  their  walls  to  stand  open  when  cut  across.  Draw 
apart  the  spongy  mass  and  other  openings  appear,  but  their 
walls  readily  come  together  ; these  are  small  veins.  Squeeze 
the  mass;  minute  drops  of  blood  are  seen  here  and  there, 
probably  coming  from  capillary  vessels.  Thus  the  chief 
structures  are  brought  to  view,  but  the  spongy  nature  of  the 
lungs  is  due  to  myriads  of  microscopical  air-sacs. 

Picture  at  the  ends  of  all  the  finest  bronchial  tubes  very 
small,  pear-shaped,  elastic  bags,  and  these  again  crowded 
with  very  numerous  air  spaces,  so  minute  that  it  is  estimated 
that  over  seven  hundred  millions  of  these  air-sacs  are  packed 
within  the  area  of  the  human  lungs.  Then  on  the  outside  of 
these  millions  of  extremely  minute  air-sacs,  with  their  walls  of 
the  thinnest  possible  elastic  tissue,  are  spread  in  close  net- 
works the  thin-walled,  capillary  blood  vessels.  The  blood 
as  it  courses  along  the  network  of  capillaries  is  separated  from 
the  air  contained  in  the  air-sacs  by  the  very  thin  walls  of  the 
vessels  and  the  air-sacs. 

If  the  student,  in  addition  to  following  the  structure  of  a 
sheep’s  lung,  will  examine  the  lung  of  a toad  or  frog  immediately 
after  death,  the  arrangement  of  the  air-sacs  and  blood  vessels 
on  their  walls  will  be  readily  understood.  The  whole  lung  of 
the  toad  or  frog  practically  represents  one  of  the  divisions  at 
the  end  of  a bronchial  tube  in  the  human  lung. 

RESPIRATORY  PASSAGES.  The  air  entering  the  human 
lungs  enters  either  by  the  nose  or  mouth.  By  way  of  the  nose  is 
undoubtedly  the  proper  channel  for  the  air  ; ample  provision 
being  made  for  warming  and  filtering  the  air  before  it  enters 
the  lungs.  Projecting  into  the  nasal  cavities  are  thin  plates  of 
bone,  rolled  up  like  scrolls,  the  turbinated  bones.  These,  and 
likewise  the  cavities,  are  covered  by  a thick,  moist,  warm  mu- 
cous membrane ; thus  the  air  in  passing  over  the  membrane  is 
warmed  and  the  dust  particles  are  caught  by  the  moisture. 


RESPIRATION 


83 

The  air  entering  by  the  anterior  nasal  openings  passes  along 
the  lower  chambers  of  the  nasal  cavities  and  out  at  the 
posterior  openings  into  the  pharynx.  The  pharynx  is  the 
upper  part  of  the  gullet,  the  enlarged  end  of  a muscular  tube  ; 
it  is  attached  to  the  base  of  the  skull  and  is  open  in  front  for 
the  reception  of  air  from  the  posterior  nasal  openings  and  food 
from  the  back  of  the  mouth.  The  pharynx  is  continued  as  the 
gullet  which  runs  down  behind  the  windpipe  to  join  the  stomach. 
The  pharynx  is  the  common  channel  for  food  and  air.  The 
air  is  drawn  in  at  the  top  of  the  larynx  through  the  glottis  into 
the  trachea.  These  passages  are  kept  free  for  air,  whilst  the 
passage  by  way  of  the  gullet  is  closed  by  the  contraction  of  the 
muscular  walls,  except  when  food  is  passing  (Figs.  41-50). 

The  human  Trachea  is  about  4 in.  in  length  and  nearly  1 in. 
in  width.  It  is  surmounted  by  the  larynx,  and  this  is  attached 
to  the  back  or  root  of  the  tongue  by  the  hyoid  bone  and  by 
muscles.  The  trachea  is  made  up  of  from  sixteen  to  eight- 
een cartilaginous  rings,  incomplete  behind,  joined  together 
at  the  back  to  one  another  by  plain  muscle  fibres  and  lined 
internally  with  mucous  membrane— a soft,  moist,  reddish 
membrane  containing  numerous  mucous  glands,  and  covered  by 
ciliated  epithelial  cells.  The  cilia,  fine  hair-like  processes  of 
the  cells,  are  active  in  driving  the  mucous  secretion  out- 
wards, precluding  it  from  settling  down  into  the  air-sacs, and  in- 
terfering with  breathing.  The  trachea,  after  passing  along  the 
front  of  the  neck,  forks  in  the  thorax  just  inside  the  top  of  the 
sternum,  the  right  and  left  bronchi  ; and  as  one  passes  to  each 
lung  it  branches  and  subdivides  into  bronchial  tubes,  and  when 
the  smallest  are  reached,  these  end  in  bags  of  air-sacs  as  de- 
scribed above.  All  the  passages  are  kept  free  to  the  passage 
of  air  by  the  presence  of  small  pieces  of  cartilage,  and  the 
whole  are  lined  with  mucous  membrane  having  ciliated  epithelial 
cells. 

d he  right  human  lung  has  three  lobes,  the  left  two.  They 
form  two  cone-shaped,  spongy  masses,  and  are  composed  of 
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bronchial  tubes  which  terminate  in  dilated,  membranous  bags. 
The  bags  are  crowded  with  minute  air-sacs  of  elastic  tissue. 
The  pulmonary  artery  enters  the  lungs  and  branches  freely. 
Capillaries  arise  from  these  and  cover  the  walls  of  the  air-sacs  ; 
from  these,  veins  arise  and  return  the  blood  to  the  heart.  In 
addition  to  these  structures  numerous  lymphatic  vessels  and 
nerves  are  found. 


FIG.  42. — SECTION  OF  HUMAN  LUNG  SHOWING  BRONCHIAL  TUBES  AND  AIR-SACS. 
PHOTOMICROGRAPH 


FIG.  43. — FOETAL  LUNG  SHOWING  BRONCHIAL  TUBES  TERMINATING 
IN  AIR-SACS.  PHOTOMICROGRAPH 


CHAPTER  XV 


RESPIRATION  ( Continued ) 

THE  LUNGS  AND  THORAX  IN  ACTION.  The  lungs 
are  contained  in  an  air-tight  cavity,  the  thorax,  which  (to- 
gether with  the  heart)  they  fill,  and  when  the  thorax  enlarges  by 
the  raising  of  the  ribs,  the  pushing  of  the  sternum  slightly  out- 
ward, and  the  lowering  of  the  floor  by  the  contraction  of  the  dia- 
phragm, the  lungs  further  distend  and  continue  to  fill  the 
cavity  of  the  thorax.  It  is  the  air  within  the  lungs  which 
keeps  them  distended,  and  as  more  air  passes  in  they  distend  still 
further  to  fill  the  increased  space  provided.  The  lungs  easily 
distend,  because  they  are  in  an  air-tight  chamber  and  there  is 
nothing  to  counteract  the  pressure  within.  This  pressure  is  due 
to  a long  column  of  atmospheric  air  pressing  down  through  all 
the  air  tubes.  The  elastic  tissue  of  the  lungs  has  been  put  on 
the  stretch,  and  as  soon  as  the  tension  is  reduced  they  recoil. 
This  takes  place  to  bring  the  lungs  back  to  a size  sufficient  to 
occupy  the  reduced  cavity,  because  immediately  after  enlarge- 
ment the  ribs  and  sternum  come  down  and  the  diaphragm  goes 
up  by  the  muscles  ceasing  to  contract.  The  effect  of  these 
changes  is  to  allow  a certain  amount  of  air  to  pass  into  the  lungs  ; 
that  is  Inspiration,  and  to  press  a certain  quantity  of  air  out  of 
the  lungs,  Expiration, 

Respiratory  movements  take  place  some  fifteen  to  eighteen 
times  per  minute  in  quiet  breathing.  Quick  walking  or  running 
will  greatly  increase  the  number.  As  you  sit  quietly  count  the 
number  of  respirations  you  make  in  one  minute,  and  observe 
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exactly  what  follows  during  inspiration  and  expiration.  By  your 
observations  verify  the  statement  that  the  ribs,  sternum,  and 
diaphragm  all  change  their  positions.  Note  also  that  in  males 
the  diaphragm  has  freer  action  than  the  upper  part  of  the 
chest.  In  females  the  chest  action  is  greater,  the  diaphgram 
has  less  action,  and  abdominal  respiration,  as  it  is  named,  is  re- 
stricted. Perfectly  free  movement  of  both  the  ribs  and  the 
diaphragm  is  highly  important  in  proper  breathing  and 
tends  largely  to  health  and  strength  of  body, 

CAPACITY  OF  THE  LUNGS.  Capacity  of  the  adult 
lungs  is  about  230  cub.  in.  Under  ordinary  conditions  there 
are  found  in  the  lungs  about  200  cub.  in.  of  air,  named  Station- 
ary air,  which  fill  the  lungs  up  to  about  the  level  of  the  bronchi. 
At  each  breath  some  25  to  30  cub.  in.  of  air,  Tidal  air,  flow  in 
and  out.  In  a man  well  exercised  in  breathing  it  is  possible  for 
him  to  force  out  of  his  lungs  after  the  expiration  of  the  tidal 
air,  30  cub.  in.,  another  100  cub.  in.,  leaving  in  the  lungs  100 
cub.  in.,  named  Residual  air.  This  latter  resists  expulsion,  due 
to  the  fact  that  it  is  contained  in  the  myriads  of  minute  air- 
sacs.  Again,  such  a man  may  be  able  to  take  in  another  100 
cub.  in.  on  the  top  of  the  230  cub.  in.  by  a very  powerful  in- 
spiration, making  330  the  absolute  total.  You  will,  however, 
remember  that  there  is  passing  in  at  each  inspiration  about  30 
cub.  in.  and  a similar  quantity  passes  out  at  each  expiration. 
This  tidal  air  in  passing  into  the  lungs  gets  only  as  far  as  to 
meet  with  the  so-called  stationary  air,  and  here  important 
changes  take  place  in  its  composition. 

INSPIRED  AND  EXPIRED  AIR.  The  composition  of 
fresh  atmospheric  air  may  be  taken  to  be  : — 

Nitrogen  . . 79  per  cent. 

Oxygen  . . 20*96  „ 

Carbon  dioxide  0*04  ,, 

with  some  water  vapour  which  varies  according  to  temperature. 

After  such  air  has  passed  into  the  lungs  and  has  been 
breathed  out  again,  certain  changes  are  easily  shown  to  have 
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taken  place  in  its  composition.  It  has  increased  in  tempera- 
ture, we  can  feel  the  warm  breath  ; it  contains  so  much  water 
vapour  that  this  at  once  condenses  if  the  breath  is  brought  in 
contact  with  a cool  surface,  such  as  a sheet  of  glass  or  when 
it  meets  with  cold  air.  Further,  if  the  expired  air  be  led 
through  a glass  tube  into  a clear  solution  of  lime-water,  the 
solution  quickly  becomes  turbid  or  milky,  which  is  due  to  the 
formation  of  carbonate  of  lime  by  the  union  of  the  carbon- 
dioxide  gas  with  the  lime  of  the  lime-water.  The  presence  of 
organic  matter  in  expired  air  can  be  also  shown  by  passing  the 
breath  into  a very  pale  rose-coloured  solution  of  permanganate 
of  potash  for  several  minutes  ; change  in  colour  of  the  solution 
will  take  place. 

Next  test  fresh  air  in  a similar  manner.  Compared  with  ex- 
pired air  as  a rule  it  is  not  so  warm  ; it  does  not  easily  show 
the  presence  of  water  vapour ; if  led  into  lime-water  the  carbon 
dioxide  is  insufficient  to  cause  turbidity  ; it  will  not  cause  a solu- 
tion of  permanganate  of  potash  to  change  colour.  The  com- 
position of  expired  air  may  be  taken  to  be  : — - 
Nitrogen  . .79  per  cent. 

Oxygen  . .16  „ 

Carbon  dioxide  4 „ 

Compared  with  inspired  air  it  shows  a loss  of  about  5 per  cent 
of  oxygen,  and  the  carbon  dioxide  has  increased  to  4 per  cent. 
Most  of  the  oxygen  taken  in  unites  with  carbon  to  form  car- 
bon dioxide,  but  some  of  it  unites  with  hydrogen  to  form  water 
in  the  body. 

THE  CHANGES  BETWEEN  THE  AIR  AND  THE 
BLOOD.  The  changes  taking  place  in  the  air  in  passing  in 
and  out  of  the  lungs  are  obviously  effected  through  the  stationary 
air.  This  gives  to  the  expired' air  some  carbon -dioxide  gas, 
water  vapour,  some  heat,  and  traces  of  organic  matter,  whilst 
the  inspired  air  parts  with  oxygen.  But  the  exchange  is  really 
between  the  air  in  the  air-sacs  and  the  blood  in  the  capillaries 
outside  the  air- sacs.  The  walls  separating  the  air  and  the  blood 
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are  very  thin,  and  oxygen  gas  from  the  air- sacs  diffuses 
through  and  is  taken  into  the  blood,  whilst  the  carbon -dioxide 
gas,  and  the  water  vapour,  and  other  things  escape  from  the 
blood  into  the  air-sacs,  and  these  are  passed  out  with  the 
next  breath. 

It  is  necessary  to  note  the  changes  that  have  happened  to 
the  blood  in  passing  through  the  capillaries  of  the  lungs. 
When  the  blood  leaves  the  right  side  of  the  heart  it  is 
dark  in  colour  or  venous,  and  when  it  arrives  at  the  left 
side  of  the  heart  it  is  bright  scarlet  or  arterial.  In  seek- 
ing the  cause  of  this  change  of  colour,  we  find  that  if  dark  or 
venous  blood  be  exposed  to  the  air  for  a short  time,  or  better, 
if  a stream  of  oxygen  be  played  on  some  venous  blood  when 
spread  out  in  a thin  layer  on  a white  dish,  the  colour  quickly 
changes  to  bright  scarlet  like  arterial  blood.  We  see  that  either 
air  which  contains  oxygen  or  oxygen  gas  direct  can  effect  the 
change  in  blood  from  dark  to  bright  colour.  It  is  also  evident, 
from  what  has  been  already  considered,  that  blood  in  passing 
through  the  capillaries  of  the  lungs  becomes  exposed  to  the 
oxygen  of  the  air  which  is  breathed  into  the  lungs  and  which  we 
now  conclude  changes  the  colour.  Venous  blood  leaving  the 
right  side  of  the  heart  is  changed  in  colour  during  its  pass- 
age through  the  lungs  and  arrives  at  the  left  auricle  as 
scarlet  or  arterial  blood.  On  the  other  hand,  the  blood  leaves 
the  left  side  of  the  heart  as  bright  coloured  arterial,  passes 
through  the  systemic  circulation,  and  arrives  back  to  the 
right  side  as  dark-coloured  or  venous  blood.  This  change 
of  colour  must  have  taken  place  during  its  passage  through 
the  tissues  of  the  body.  We  must  now  remember  that  all 
living  and  active  tissues  demand  oxygen,  it  is  essential  to 
their  activity,  they  are  hungry  for  it.  As  the  blood  stream 
brings  round  the  supply  of  oxygen  from  the  lungs,  it  is  given 
up  to  the  tissues  along  with  the  plasma  of  the  blood.  The 
giving  up  of  oxygen  causes  the  blood  to  lose  its  bright 
arterial  character  and  to  become  dark  or  venous, 
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How  does  the  blood  hold  the  oxygen  ? It  is  found  that 
the  oxygen  gas  is  absorbed  by  the  blood,  and  held  jchemically 
by  the  colouring  matter,  haemoglobin  of  the  red  corpuscles. 
As  the  corpuscles  pass  along  the  capillaries  of  the  lungs,  the 
haemoglobin  readily  absorbs  the  oxygen  from  the  air  of  the 
air-sacs,  and  the  blood  becomes  scarlet ; and  in  passing 
through  the  tissues,  the  haemoglobin  gives  up  some  of 
the  oxygen  to  the  tissue,  and  the  colour  becomes  darker.  In  a 
brief  time  the  corpuscles  are  again  floating  along  the  stream  of 


Fig  44. — Two  infundibulae  with  capillaries — diagrammatic. 

blood  in  the  capillaries  of  the  lungs,  where  they  become  re- 
charged with  oxygen  and  fitted  for  another  journey.  If  we  put 
something  into  arterial  blood  to  take  up  some  of  its  oxygen  a 
change  of  colour  ensues  ; it  is  said  to  be  reduced.  So  with  the 
blood  circulating,  its  haemoglobin  gets  reduced,  by  losing 
some  of  its  oxygen  to  the  tissues.  The  obvious  difference 
between  arterial  and  venous  blood  is  one  of  colour.  Arterial 
is  bright  scarlet  in  colour  because  the  haemoglobin  is  fully 
charged  with  oxygen..  Venous  blood  is  dark  red  in  colour 
because  the  haemoglobin  of  the  red  corpuscles  has  lost  some 
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oxygen  and  become  reduced.  There  are,  however,  other  differ- 
ences between  venous  and  arterial  blood  to  be  explained. 

All  liquids  absorb  gases  to  which  they  are  exposed,  and  blood 
contains  the  gases  oxygen,  carbon  dioxide,  and  nitrogen.  It  is 
found  that  venous  blood  contains  relatively  more  carbon  dioxide 
and  less  oxygen  than  arterial  blood.  As  the  blood  passes  along 
the  tissues,  it  not  only  gives  up  oxygen  but  it  takes  up  carbon 
dioxide  and  when  the  blood  gets  back  to  the  lungs  the  carbon 
dioxide  is  excreted  as  we  have  seen  in  the  expired  air.  The 
blood  also  gives  up  water  vapour,  heat,  and  a little  organic 
matter,  as  excretory  products,  to  expired  air.  In  this  way  it 
becomes  purified,  and  at  the  same  time  becomes  charged  with 
a supply  of  oxygen  for  the  tissues.  The  carbon  dioxide  taken 
up  by  the  blood  from  the  tissues  is  partly  absorbed  into  the 
liquid  and  partly  held  by  certain  constituents  in  the  blood  in 
chemical  combination. 

The  act  of  breathing,  then,  means  the  inhaling  of  a given 
quantity  of  air  into  the  lungs  and  its  expulsion  from  the  lungs. 
The  indrawn  air  first  diffuses  with  the  air  already  there,  and 
then  some  of  its  oxygen  diffuses  through  the  walls  of  the  air- 
sacs  into  the  capillaries.  The  oxygen  is  absorbed  by  the 
haemoglobin  of  the  red  corpuscles  and  carried  to  the  tissues  of 
the  body.  The  tissues  being  hungry  for  oxygen  withdraw  some 
of  it,  reduce  it,  and  the  blood  changes  in  colour  as  a consequence. 
At  the  same  time  the  blood  in  circulating  through  the  tissues 
absorbs  the  carbon  dioxide  and  other  waste  substances,  resulting 
from  the  work  of  the  tissues.  These  are  carried  back  and  some 
of  the  waste  excreted  by  the  lungs.  Nearly  the  whole  of  the 
carbon  dioxide  produced  in  the  body  is  taken  to  the  lungs  to  be 
expired  with  the  outgoing  air. 


CHAPTER  XVI 


ORGANS  OF  DIGESTION 

The  preparation  of  the  food  to  be  absorbed  and  assimilated 
in  the  body  involves  a consideration  of  the  structures  of  the 
alimentary  canal  and  its  accessary  glands.  The  alimentary  or 
food  canal  includes  the  mouth,  pharynx,  gullet,  stomach, 
small  and  large  intestine,  and  anus. 

The  mouth  entrance  to  the  alimentary  canal  is  bounded  by 
the  muscular  lips  and  cheeks,  and  within  these  are  the  bony  jaws 
holding  the  teeth.  The  front  part  of  the  roof  of  the  mouth  is 
bone  covered  by  membrane,  the  hard  palate  ; beyond  this  is 
the  soft  palate.  The  entrance  to  the  pharynx,  the  fauces, 
forms  an  archway  from  the  roof  which  is  the  uvula,  and  at  the 
sides  the  tonsils  are  situated.  The  tonsils  are  of  loose,  spong) 
tissue  ; they  give  out  a slimy  secretion  which  helps  to  lubricate 
the  food  in  passing  to  the  pharynx.  The  floor  of  the  mouth  is 
formed  by  the  muscular  tongue,  and  beneath  this  are  certain 
glands  and  muscles.  Under  the  tip  of  the  tongue  is  a thin 
membrane,  the  frenum.  This  membrane  in  early  life  some- 
times ties  the  tongue  and  has  to  be  cut.  The  muscular  character 
of  the  tongue  enables  it  to  move  the  food  about  in  the  mouth, 
and  by  pressing  the  food  against  the  palate  to  express  flavours, 
and  finally  it  carries  the  bolus  of  food  to  the  entrance  of  the 
pharynx. 

The  mouth  cavity  is  lined  by  a soft,  moist,  red  membrane, 
named  mucous  membrane.  It  is  not  a true  mucous  membrane 
but  a skin  membrane.  The  first  part  of  the  alimentary  canal 
at  each  end  has  the  lining  membrane  formed  of  cells  in  layers 
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just  like  the  skin.  This  condition  is  found  not  only  in  the 
mouth  but  extends  as  far  as  the  pharynx  and  gullet.  In  the 
lining  membrane  of  the  mouth  are  found  numerous  little  glands 
which  secrete  a thickish  fluid  ; this,  together  with  the  saliva, 
keeps  the  mouth  moist. 

GLANDS.  A gland  is  essentially  an  arrangement  of  secret- 
ing cells  in  relation  to  blood  vessels.  The  cells  are  the  active 
agents,  taking  from  the  blood  brought  to  them  by  the  blood 


Compound  Saccular  Gland. 


Fig.  45. — Types  of  glands. 

vessels  the  materials  to  form  a secretion.  The  secretion  is  of 
use  in  the  body,  and  the  gland  producing  it  is  named  a secretory 
gland. 

In  the  mucous  membrane  lining  the  alimentary  canal 
numerous  glands  are  found,  namely,  mucous,  gastric,  and 
tubular  glands.  There  are  other  glands,  the  salivary,  the 
liver,  and  the  pancreas,  which  open  by  ducts  into  the  ali- 
mentary canal  and  provide  secretions  used  in  the  digestion 
of  the  food. 
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The  Salivary  glands  are  three  pairs,  named  the  Parotid, 
the  Submaxillary,  and  the  Sublingual,  Each  parotid  is 

situated  in  front  and  below  the  ear,  between  the  skin  and 
muscles.  A duct  leads  from  it  into  the  mouth  and  opens  near 
the  second  molar  tooth  of  the  upper  jaw.  The  submaxillary 
glands  are  situated  below  and  just  within  the  border  of  the 
lower  jaw,  one  on  each  side  of  the  jaw.  Ducts  from  these 
glands  open  under  the  tongue,  and  quite  near  these  are  openings 
from  the  third  pair,  the  sublingual  glands,  situated  below  the 
tip  of  the  tongue  in  the  floor  of  the  mouth.  Drops  of  saliva 


may  be  seen  coming  out  of  these  ducts  by  suddenly  lifting  the 
tip  of  the  tongue. 

The  Salivary  glands  are  irregular,  soft-looking  masses  com- 
posed of  small  divisions,  lobes,  held  loosely  together  by  connective 
tissue.  Each  lobe  is  a mass  of  smaller  lobes,  and  these  are 
composed  of  secreting  cells  arranged  to  surround  little  spaces. 
The  spaces  open  into  fine  channels  or  ducts,  and  finally  the 
main  duct  is  formed  and  opens  into  the  mouth.  Blood  vessels 
ramify  in  the  midst  of  the  cells  and  from  the  blood  supply  the 
cells  form  saliva. 

The  quantity  of  saliva  secreted  daily  by  these  glands  is 
about  two  pints.  A thin,  watery  fluid  is  secreted  by  the  parotid 
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glands  and  a thicker  secretion  from  the  submaxillary  and  sub- 
lingual glands  ; the  thicker  character  is  due  to  the  presence  of 
a mucus.  Saliva  has  about  0'5  per  cent  of  solids  and  99*5 
per  cent  of  water.  The  small  quantity  of  solids  contains 
a very  important  substance,  Ptyalin,  of  the  nature  of  a 
ferment.  This  ferment  possesses  the  property  of  changing 
starch  into  a kind  of  sugar.  Saliva  is  alkaline  in  reaction  ; 
test  it  with  red  litmus  paper.  Its  action  on  cooked  starch 


Fig.  47. — Sketch  of  cells  of  micro-section  of  submaxillary  gland. 


in  the  mouth  is  rapid,  and  this  fact  can  be  easily  shown  by  the 
following  simple  experiments 

Take  some  starch  and  make  it  into  a thin  paste  with  cold 
water.  Add  a little  of  this  to  some  boiling  water  to  form  a weak 
starch  mucilage. 

Experiment  1.  Place  a small  quantity  of  the  starch 
mucilage  in  a test-tube  and  add  a drop  or  two  of  Iodine  solution. 
Reaction,  a blue  colour,  which  disappears  upon  heating  and  re- 
appears upon  cooling.  This  is  the  test  applied  for  starch. 
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Experiment  2,  Take  a small  quantity  of  bread,  boiled 
potato,  rice  or  peas,  and  shake  up  with  water.  Filter  and  test 
the  solution  for  starch. 

Experiment  3.  Take  a little  of  the  starch  mucilage  into 
the  mouth  ; hold  it  there  for  a minute  or  two,  then  run  it  into 
a test-tube,  dilute  it  with  a little  water  and  apply  the  starch 
test.  No  blue  reaction. 

Experiment  4.  Place  a few  drops  of  starch  mucilage 


Fig.  48. — View  of  upper  and  lower  jaws  showing  teeth  in  position 
and  nerve  supply. 

in  a test-tube,  keep  it  warm  and  run  in  a little  saliva  from  the 
mouth.  Apply  starch  test.  No  reaction. 

Experiment  5.  Repeat  this  experiment,  using  saliva  that 
has  been  boiled.  Apply  the  starch  test.  Blue  reaction. 

From  the  above  experiments  four  facts  are  demonstrated  : — 

(a)  The  presence  or  the  absence  of  starch  in  the  solutions. 

(b)  The  change  wrought  on  cooked  starch  in  the  presence 
of  saliva  in  the  mouth. 
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(c)  The  short  time  taken  by  the  saliva  to  effect  this  conver- 
sion. 

(< d ) That  the  active  agent  of  saliva  is  killed  by  boiling. 

We  must  next  endeavour  to  show  the  nature  of  the  substance 
brought  about  by  the  action  of  saliva  on  starch. 

Experiment  6.  Place  some  starch  mucilage  in  the  mouth, 
mix  it  with  the  saliva  for  a minute  or  two  and  then  run 
it  into  a clean  test-tube.  Divide  this  into  two  portions  and 
test  one  for  starch.  To  the  other  portion  add  a drop  or 
two  of  dilute  copper  sulphate  solution,  then  a few  drops  of 
sodium  or  potassium  hydrate.  Next  heat  the  solution  in  a 

Articulating 
Condyle 


Fig.  49. — View  of  lower  jaw  showing  teeth  in  sockets. 

Bunsen  or  spirit  flame — a brick-red  precipitate  is  formed. 
This  is  the  test  applied  for  sugars  of  which  grape  sugar  is  a type. 

Experiment  7.  Shake  up  a bruised  raisin  or  grape 
with  a little  warm  water  and  test  the  solution  for  sugar. 

Experiment  8.  Chew  a small  piece  of  starchy  food  and 
place  the  mass  in  a tube,  shake  it  up  with  warm  water,  strain 
off  and  apply  the  sugar  test  to  the  liquid.  Result — evidence  of 
sugar. 

These  experiments  with  saliva  show  the  chemical  change  in 
starchy  foods  brought  about  in  mouth  digestion.  Saliva 
also  helps  to  soften  food,  and  this  softening  is  aided  by  the 
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function  of  mastication  in  breaking  up  the  food,  and  in 
these  conditions  the  food  is  rendered  fit  for  swallowing, 
THE  TEETH.  The  teeth  in  the  upper  and  lower  jaws  are 
in  sockets  and  firmly  held  by  the  periosteum  lining.  It  is  this 
membrane  that  bleeds  freely  by  rupture  of  its  blood  vessels  when 
a tooth  is  extracted.  The  gum  marks  the  neck  of  a tooth  ; the 
part  above  is  the  crown  ; the  portion  below  the  neck,  and 


Fig.  50. — Diagram  to  show  the  passage  of  food  from  the  mouth  into 
the  gullet  and  the  closure  of  the  epiglottis. 

buried  in  the  socket,  is  the  fang  or  root,  which  may  be  simple 
or  divided. 

The  crown  of  the  tooth  has  an  external  coating  of  enamel, 
the  hardest  substance  in  the  body,  made  up  of  about  97  per 
cent  of  mineral  salts.  The  root  has  an  external  coating  of  a 
bone-like  structure  named  cementum.  The  bulk  of  the 
tooth  consists  of  another  bony  tissue,  the  dentine  ; this  sub- 
7 


98 


PRELIMINARY  PHYSIOLOGY 


V 

stance  is  similar  to  ivory  as  found  in  the  tusk-teeth  of  certain 
animals.  At  the  apex  of  each  fang  is  a small  hole,  which 

allows  of  the  entrance  of  some  fine  nerves  and  blood  vessels 
into  the  pulp  cavity. 

Kinds  of  Teeth.  Incisors,  in  front  of  the  jaws  with 
chisel-like  edges.  Canines,  on  each  side  with  pointed 
crowns  ; on  each  side  of  these  are  the  Bicuspids  or  pre- 
molars, and  beyond  these  the  Molars.  Both  the  bicuspids 
and  molars  have  broad,  irregular,  grinding  surfaces.  The 
teeth  are  adapted  in  relation  to  mastication  of  the  food,  to 
cutting,  tearing,  and  grinding.  The  lateral  motion,  as 
well  as  the  vertical  action,  of  the  lower  jaw  provides  for  per- 
fect mastication. 

The  number  of  teeth  in  the  permanent  set  of  thirty-two  are 
graphically  given  by  initial  letters  as  follows  : — 

Upper:  MMM  BB  C IIII  C BB  MMM 

Lower:  MMM  BB  C IIII  C BB  MMM 

Preceding  the  permanent  teeth  a set  of  twenty  temporary 
teeth  appear  between  the  ages  of  six  months  and  two  years, 
made  up  of : — 

Upper:  MM  C IIII  C MM 

Lower:  MM  C IIII  C MM 

About  the  6th  year  the  temporary  teeth  begin  to  be  replaced 
by  the  permanent  set ; and  by  the  14th  year  these  have  erupted, 
except  the  four  wisdom  teeth,  which  may  appear  between  the 
17  th  and  25  th  year  or  later. 

Perfect  nutrition  during  early  life,  proper  care,  and  daily  atten- 
tion to  the  hygiene  of  the  teeth  subsequently,  are  conditions 
necessary  to  secure  and  preserve  strong,  sound  teeth.  The 
function  of  mastication  performed  by  good  teeth,  properly  carried 
on,  cannot  be  overestimated  in  relation  to  the  complete  diges- 
tion and  assimilation  of  our  food. 


CHAPTER  XVII 


ORGANS  OF  DIGESTION  (Continued) 

THE  PHARYNX  AND  GULLET.  From  the  mouth  the 
food  passes  by  way  of  the  fauces  or  opening  at  the  back  into  the 
next  portion  of  the  alimentary  canal.  This  is  a tubular  passage 
with  muscular  walls  extending  from  the  base  of  the  skull  along 
the  neck  and  thorax  between  the  vertebral  column  and  the 
windpipe  ; it  passes  through  the  diaphragm  and  opens  into  the 
stomach  near  the  large  end.  The  upper  4-^  in.  of  this  muscular 
funnel  is  the  Pharynx  and  the  lower  9 in.  is  the  Gullet  or 
oesophagus.  The  passage  is  lined  throughout  by  a smooth, 
moist  membrane  of  many  layers  of  cells  and  containing  numer- 
ous mucous  glands. 

The  Pharynx  receives  both  air  and  food.  The  air  from 
the  nasal  passages  goes  by  way  of  the  pharynx  into  the  trachea 
through  the  glottis,  whilst  the  food  is  passed  down  the 
gullet  by  a series  of  muscular  contractions.  The  food 
escapes  passing  into  the  glottis,  except  occasionally  when  a “ bit 
goes  the  wrong  way,”  because  at  the  moment  of  swallowing  the 
larynx  is  slightly  raised  against  the  base  of  the  tongue,  the 
epiglottis  closes  over  the  glottis,  and  the  food  passes  over 
the  epiglottis  into  the  gullet  (Fig.  50). 

Stomach.  The  narrow  gullet  opens  into  the  most  dilated 
portion  of  the  alimentary  canal,  the  stomach — an  irregular, 
pear-shaped  bag,  reaching  across  from  the  left  towards  the 
right  side  of  the  abdomen.  Its  exact  position  depends  upon 
its  condition  of  fullness  or  otherwise.  When  moderately  full 
it  has  a capacity  of  nearly  two  quarts.  The  left  or  cardiac 
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end  is  wide  and  from  the  upper  side  is  supported  by  the  gullet 
as  it  passes  through  the  diaphragm.  The  narrow  end  of  the 
stomach  is  on  the  right  side  and  is  named  the  Pylorus.  The 
walls  of  the  stomach  are  formed  chiefly  of  plain  or  involun- 
tary muscle,  and  the  muscular  layers  are  arranged  lengthwise, 
circularly,  and  some  obliquely.  By  this  arrangement  of 
muscular  tissue  the  contents  of  the  stomach  become  com- 
pressed and  well  mixed  with  the  secretions  of  the  stomach. 
The  circular  muscular  fibres  become  much  thickened  at  the 
pyloric  end  to  form  a sphincter  muscle,  which  prevents  the 
food  passing  until  it  is  in  a semi-fluid  condition.  The 
sphincter  muscle  relaxes  very  little  and  the  food  is  squeezed 
through  a small  aperture  into  the  duodenum.  Another 
sphincter  muscle  is  found  at  the  junction  of  the  gullet  and 
stomach  ; this  has  to  be  forced  open  in  case  of  vomiting. 
Outside  the  muscular  coats  of  the  stomach  is  a smooth 
covering  of  serous  membrane.  Mucous  membrane  lines 
the  inside  of  the  muscular  structure.  This  important  layer 
consists  of  two  parts,  the  submucous  and  mucous,  this  latter 
forms  a soft,  velvet-like  layer  over  the  surface.  In  the  mucous 
membrane  of  the  stomach  there  are  simple  or  branched, 
tubular,  gastric  glands.  The  cells  at  the  mouths  of  the 
glands  are  columnar,  but  lower  down  they  become  cubical, 
and  these  are  the  secreting  cells  ; in  some  of  the  glands 
ovoid  cells  are  found.  Running  up  between  all  these  glands 
from  the  submucous  layer  are  numerous  capillary  blood  vessels 
and  nerves.  Owing  to  the  loose  attachment  of  the  lining 
of  the  stomach,  the  layer  becomes  thrown  into  folds  when  the 
organ  is  empty.  The  examination  of  the  stomach  of  a rabbit 
will  make  clear  most  of  these  structures. 

Gastric  Juice  is  the  name  given  to  the  acid  secretion  of 
the  stomach.  The  secreting  cells  of  the  numerous  glands  in 
the  mucous  coat  take  from  the  blood  the  materials  which  they 
convert  into  an  acid  fluid,  and  this  gastric  juice  contains 
about  0'5  per  cent  of  solids  and  99'5  per  cent  of  water. 
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Fig.  51. — To  show  pharynx,  gullet,  stomach,  small  intestine,  junction 
with  large  intestine  showing  ileo-csecal  valve,  large  intestine  and 
opening  of  bile  and  pancreatic  ducts  into  the  duodenum.  Thoracic 
duct  also  shown. 
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It  has,  however,  two  important  constituents,  a ferment  named 
Pepsin,  and  a mineral  acid,  Hydrochloric.  It  also  contains 
a milk-curdling  ferment,  Rennin, 

When  proteid  substances  such  as  albumen,  casein, 
gluten,  and  others  enter  the  stomach  and  become  mixed  by 
the  muscular  action  of  the  stomach  with  the  gastric  secretion, 
the  ferment  pepsin,  together  with  the  hydrochloric  acid,  digests 
them,  that  is,  makes  them  soluble  and  diffusible.  In  this 
condition  some  of  the  food  will  become  absorbed  into  the 
blood  vessels  of  the  stomach. 


Fig.  52. — Stomach  and  duodenum  showing  coats,  gall  bladder,  bile 
and  pancreatic  ducts  opening  into  the  duodenum. 

The  Small  Intestine.  From  the  pyloric  end  of  the 

stomach  begins  the  small  intestine,  a tube  from  20  to  22  ft. 
in  length,  and  of  nearly  equal  diameter,  about  i|-  in.  through- 
out. After  leaving  the  pylorus,  the  first  9 in.  is  named  the 
duodenum  ; this  bends  round  towards  the  back  of  the  abdomen 
and  then  approaches  the  central  position,  where  the  remaining 
length  of  the  small  intestine  becomes  convoluted  by  doubling 
again  and  again  upon  itself.  The  whole  of  the  small  intestine 
is  supported  by  a fold  of  the  peritoneum,  known  as  the 
Mesentery,  The  Peritoneum  is  the  membrane  that  lines 
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the  abdominal  cavity  and  is  reflected  over  the  several  organs 
contained  therein.  Besides  the  duodenum,  two  other  names 
are  given  to  succeeding  portions  of  the  small  intestine — the 
jejunum  and  the  ileum. 

The  structure  of  the  walls  of  the  small  intestine  consists  of 
coats  similar  to  those  noted  in  the  stomach,  an  outer  or 
serous  coat,  a middle  muscular  of  two  layers,  circularly  and 
longitudinally  arranged,  and  within  the  muscular  the  sub- 
mucous and  mucous  coat.  The  special  feature  of  the  mucous 
coat  is  that  in  the  first  portion  of  the  intestine  the  coat  is 


glands  in  situ. 

freely  folded  for  about  two-thirds  the  distance  round  the 
inside  of  the  tube,  forming  a series  of  barriers  to  the  too 
rapid  flow  of  the  semi-fluid  chyme  as  it  leaves  the  stomach, 
and  it  also  provides  an  increase  of  absorbing  surface. 
Another  feature  of  the  mucous  membrane  is  the  presence  of 
minute  elevations,  named  Villi,  along  the  whole  length  of 
the  small  intestine.  These  villi  contain  lymphatic  vessels 
called  Lacteals,  which  are  engaged  in  absorbing  the  digested 
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fatty  foods.  The  absorbed  fat  goes  to  form  chyle,  and  is  taken 
along  lymphatic  vessels  by  way  of  the  mesentery  to  the  thoracic 
duct  as  explained  under  the  lymphatic  system.  In  the  mucous 
membrane  of  the  small  intestine  numerous  tubular  and 
mucous  glands  are  found.  Their  secretion  may  help 
digestion  in  this  part  of  the  alimentary  canal,  but  the  digestive 
function  carried  on  in  the  small  intestine  is  mainly  due  to  the 
pancreatic  juice  and  bile,  which  secretions  are  passed  into  the 
duodenum.1 


Fig.  54, — Cardiac  and  pyloric  glands  (diagrammatic). 

The  pyloric  sphincter  muscle  relaxes  slightly  to  allow  the 
partially  digested  and  acid  food  to  pass  from  the  stomach 
into  the  duodenum,  where  the  food  meets  with  the  two  secre- 
tions, namely,  the  pancreatic  juice  and  the  bile,  and  is 
rendered  alkaline.  It  is  now  in  a condition  to  be  acted  upon 
by  the  ferments  of  the  pancreatic  juice  aided  by  the  bile.  The 
proteids  are  changed  by  the  proteid  ferment  into  alkaline 
peptones,  that  is,  rendered  soluble  and  diffusible.  In  this 

1 The  chapters  on  the  Liver  and  Pancreas  should  next  be  studied  in 
order  to  understand  intestinal  digestion. 


FIG.  55. — PHOTOMICROGRAPH  OF  FCETUS  TO  SHOW  VILLI  OF  SMALL  FIG.  56. — SECTION  OF  SMALL  INTESTINE  WITH  LACTEALS,  TUBULAR 

INTESTINE,  PORTION  OF  THE  LIVER  AND  MESENTERY  GLANDS  AND  SUB-MUCOUS.  PHOTOMICROGRAPH  X 200 
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condition  the  proteids  are  absorbed  into  the  capillaries  of  the 
intestine.  Any  starchy  food  present  is  changed  by  the  starch- 
changing ferment  into  sugars,  and  these  are  absorbed  into 
the  blood  capillaries. 

By  the  action  of  a third  ferment,  the  fatty  food  is  split  up 
into  extremely  small  particles,  and  by  the  help  of  the  bile 
these  form  a kind  of  emulsion.  It  is  in  this  condition  that 
the  fat  of  the  food  passes  through  the  walls  of  the  villi  into 
the  lacteals  within.  It  then  finds  its  way  into  the  thoracic 
duct  and  into  the  blood  system,  and  becomes  a constituent  of 


Fig.  57. — Villi  to  show  lacteals,  blood  vessels  and  columnar  epithelium. 

the  blood.  In  the  small  intestine  much  of  the  food  taken 
is  digested  and  absorbed,  The  digested  food  passes  slowly 
along  this  ipart  of  the  alimentary  canal  by  a series  of  wave-  or 
worm-like  movements  spoken  of  as  peristaltic  movements. 
The  great  length,  over  20  ft.,  together  with  the  extensive  surface 
of  mucous  membrane  provided,  are  favourable  conditions  to 
allow  of  the  absorption  of  the  soluble  food-stuffs. 

Large  Intestine,  The  final  division  of  the  alimentary 
canal  is  about  5 ft.  in  length  and  3 in.  in  diameter.  Instead 
of  being  of  uniform  diameter  like  the  small  intestine,  it  is  con- 
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stricted  along  most  of  its  length  into  a series  of  small  pouches, 
giving  it  a sacculated  appearance.  It  begins  at  the  bottom 
of  the  abdomen  on  the  right  side,  just  within  the  right  hip- 
bone. The  Ileum  division  of  the  small  intestine  joins  the 
large  at  this  point,  and  in  doing  so  it  forms  a kind  of  valve,  by 
the  infolding  of  its  end,  the  Ileo-csecal  valve.  This  valve 
prevents  the  return,  after  the  semi-fluid  matters  have  once 
passed  from  the  small  into  the  large  intestine.  Below  this 
junction  is  a part  of  the  large  intestine  named  the  Caecum, 
from  which  hangs  the  vermiform  appendix.  Above  the  junc- 
tion of  the  large  intestine  the  part  is  named  the  ascending 
colon  ; this  portion  ascends  on  the  right  side  of  the  abdomen 
to  near  the  stomach,  it  next  crosses  the  abdomen  just  along  the 
lower  border  of  that  organ  and  becomes  the  transverse  colon, 
then  dipping  to  the  back  it  passes  along  the  left  side  to  the 
bottom  of  the  abdomen  as  the  descending  colon.  After  a 
sharp  bend  the  large  intestine  terminates  in  a straight  and 
non-sacculated  portion,  the  rectum,  which  at  its  extreme  end 
is  guarded  by  the  anal  sphincter  muscle.  The  large  intes- 
tine is  supported  by  the  mesentery,  and  its  structure  is  similar 
to  the  small  intestine,  covered  by  a serous  coat  on  the  outside, 
and  lined  inside  by  mucous  membrane.  Between  the  serous 
and  mucous  coats  are  longitudinal,  muscular  fibres.  The 
longitudinal  fibres  are  gathered  into  three  bands  and  not  spread 
evenly  over  the  whole  surface.  These  bands  are  rather  shorter 
than  the  length  of  the  intestine  and  cause  it  to  become  puckered. 
Circularly  disposed  muscle  fibres  are  also  present. 

The  transverse  foldings  of  the  mucous  membrane,  like 
those  at  the  beginning  of  the  small  intestine,  are  absent  from 
the  large,  but  the  sacculated  arrangement  in  the  large  intestine 
serves  a similar  purpose,  namely,  to  increase  the  area  of  absorp- 
tion. 

Tubular  glands  are  numerous  in  the  large  intestine,  but 
villi  are  absent.  The  function  of  the  large  intestine  is  chiefly 
the  absorption  of  water,  thereby  rendering  the  contents  of 
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the  intestine  semi-solid  before  excreting.  The  excreta  consist 
of  both  waste  and  innutritious  substances. 

GASTRIC  DIGESTION.  In  order  to  follow  the  digestive 
changes  produced  in  proteid  foods,  it  will  be  necessary  to  ob- 
tain from  the  chemist  a preparation  known  as  Liquor  Pepticus. 
This  is  an  artificial  preparation  of  gastric  juice  from  the 
stomach  of  the  pig  ; it  contains  a ferment  pepsin  and  hydro- 
chloric acid. 

Take  some  fibrin,  obtained  by  whipping  blood,  place  a small 
quantity  in  a test-tube  with  water,  to  this  add  a few  drops  of 
artificial  gastric  juice.  Next  place  the  tube  in  a vessel  of  warm 
water,  and  keep  the  contents  of  the  tube  at  a temperature  of 
370  C.  or  98°  F.  for  a short  time;  occasionally  shake  the  tube. 
Carefully  observe  the  changes.  The  fibrin  first  swells,  be- 
comes clear,  and  then  gradually  dissolves,  that  is,  becomes 
digested. 

Compare  these  changes  with  what  happens  to  proteid  food 
in  the  stomach.  The  food  meets  with  an  acid  fluid  contain- 
ing a ferment  pepsin,  it  is  kept  at  the  temperature  of  the 
body,  it  is  moved  about  by  the  agency  of  muscular  con- 
traction, and  after  a longer  or  shorter  time  the  food  is  dis- 
solved or  digested. 

The  proteid  is  now  in  a soluble  and  diffusible  condition 
known  as  peptone,  that  is,  fit  to  be  absorbed  from  the  stomach 
into  the  blood  capillaries  distributed  in  the  walls  of  the  stomach. 

Perform  the  following  experiments  : — 

Experiment  1,  Take  another  proteid,  say  the  white  of 
egg,  albumen,  and  shake  up  a little  in  cold  water.  Now 
add  a small  drop  of  weak  copper  sulphate,  followed  by  a few 
drops  of  potassium  hydrate.  Reaction,  a violet  colour.  This 
is  a test  for  proteids, 

Experiment  2,  Take  a small  quantity  of  the  digested 
proteid,  add  a drop  of  copper  sulphate,  followed  by  several 
drops  of  potassium  hydrate.  Reaction,  a rose-red  colour. 
This  is  a test  for  peptone. 
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Experiment  3,  Place  some  of  the  egg-white  with  water 
in  a parchment  skin,  or  in  a vessel  the  mouth  of  which  is  tightly 
covered  with  parchment.  In  either  case  you  have  a dialyser. 
Next  suspend  the  dialyser  in  a vessel  of  cold  water.  After  an 
hour  or  two  test  the  water  outside  the  dialyser  for  proteid. 

Experiment  4,  Repeat  the  last  experiment,  using  some 
of  the  digested  proteid  instead.  Test  the  water  outside  the 
dialyser. 

Experiments  3 and  4 demonstrate  the  non-difFusible 
character  of  proteids  and  the  diffusibility  of  digested 
proteids. 


CHAPTER  XVIII 
THE  LIVER 

The  Liver  is  a large  and  important  glandular  organ, 
weighing  from  50  to  60  oz.  in  man  and  relatively  large  in  most 
animals.  It  is  a dark  red  or  reddish-brown  organ,  situated  im- 
mediately below  the  diaphragm,  into  the  concavity  of  which  it 
fits.  It  is  largely  on  the  right  side,  but  reaches  across  the 
abdomen  towards  the  left,  and  is  protected  by  the  lower 
ribs.  It  rests  upon  the  pyloric  end  of  the  stomach,  touches  the 
right  kidney,  and  is  held  to  the  diaphragm  by  a thin  membrane. 
The  liver  should  rise  and  fall  with  the  movements  of  the  dia- 
phragm. 

The  organ  is  smooth  on  the  outside  and  has  a large  right 
lobe  and  a smaller  left  one,  and  beneath  these  are  three  small 
divisions,  making  five  lobes  in  all.  These  are  thick  behind 
and  thin  in  front. 

The  lobes  are  made  up  of  very  small  subdivisions  named 
lobules.  Each  lobule  is  a collection  of  liver  cells,  and 

running  between  these  cells  is  a series  of  capillary  blood  vessels 
and  bile-collecting  channels.  All  the  lobules  are  held  together 
by  connective  tissue,  and  channels  are  formed  in  which  blood 
vessels  and  bile  ducts  are  found. 

The  Liver  receives  blood  for  nutrition  from  the  hepatic 
artery.  Apart  from  this,  a large  quantity  of  blood  passes 
through  the  liver,  portal  blood,  from  the  portal  vein.  This 
vein  brings  blood  from  the  stomach,  intestines,  spleen,  and  pan- 
creas. The  hepatic  artery  and  portal  vein  enter  by  a fissure 
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between  the  lobes  into  what  are  called  portal  channels,  the 
bile  ducts  also  travel  along  these  channels. 

The  large  quantity  of  blood  brought  by  the  portal  vein, 

blood  rich  in  food  material  from  the  stomach  and  intes- 


Fig.  58. — Sketch  from  the  abdomen  of  a rabbit  to  show  position  of  the 
liver  in  relation  to  the  diaphragm  and  right  kidney. 

tines,  and  blood  pigments  and  other  products  from  the 
spleen,  is  now  submitted  to  the  action  of  the  liver  cells.  As 
the  blood  courses  through  the  capillaries  amidst  the  liver  cells, 
materials  for  the  formation  of  bile  are  removed.  The  bile 
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formed  finds  its  way  into  minute  channels  between  the  cells, 
then  into  distinct  ducts,  and  finally  into  two  ducts,  one  from 
the  right  and  the  other  from  the  left  lobe  of  the  liver,  which, 
on  leaving  the  organ,  unite. 

Thus  one  bile  duct  is  formed  which  opens  into  the  duo- 
denum near  the  pylorus.  Bile  easily  passes  by  this  duct 
into  the  duodenum  if  food  be  present  and  the  secretion  is 


Fig.  59. — A micro-sketch  of  a lobule  of  the  liver — semi-diagrammatic. 

required  ; under  this  condition  the  mouth  of  the  duct  is 
kept  open.  If  food  be  not  present,  the  walls  of  the  duo- 
denum come  somewhat  together  and  close  the  opening. 

The  bile  is  constantly  secreted  by  the  liver,  but  as  it  cannot 
pass  into  the  duodenum  at  certain  times,  it  accumulates  in  the 
duct  for  a short  distance  back  and  then  finds  a passage  by  a 
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branch  duct,  the  cystic,  which  leads  to  the  gall-bladder, 

where  it  is  stored  until  required. 

The  Gall-bladder  is  a pear-shaped,  muscular,  membranous 
bag,  about  4 in.  in  length,  and  capable  of  holding  an  ounce  of 
bile.  Bile  from  its  great  bitterness  is  named  gall.  The  gall- 
bladder is  situated  in  a depression  of  the  under  surface  of  the 
right  lobe  of  the  liver.  When  bile  is  stored  in  the  gall-bladder 
it  becomes  thickened  by  the  addition  of  mucus.  As  soon  as 
food  passes  into  the  duodenum  it  stimulates  the  contraction  of 


Fig.  60. — Micro-sketch  of  liver  cells  (highly  magnified). 

the  gall-bladder,  and  its  contents  are  discharged  to  aid  in  diges- 
tion of  the  food. 

Bile  is  a thin,  coloured  fluid  which  becomes  thickened  by 
the  addition  of  mucus.  Its  colour  is  greenish-yellow  from 
herbivorous,  but  of  a golden  yellow  from  carnivorous 
animals  ; it  is  alkaline  in  reaction.  Bile  contains  pigment 
matters  derived  from  the  blood,  salts,  both  inorganic  and  organic, 
and  other  substances.  About  40  oz.  are  secreted  in  twenty-four 
hours.  Bile  aids  the  pancreatic  juice  in  its  action  on  fatty  foods. 
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It  helps  the  absorption  of  proteids,  and  stimulates  the  action  of 
the  intestinal  canal. 

Glycogen,  The  liver  forms  from  the  portal  blood  other 
substances  besides  bile  ; glycogen  is  one  of  these  substances, 
a kind  of  animal  starch,  that  is,  having  similar  chemical  elements 
to  those  contained  in  starch.  It  is  stored  in  small  granules  in 
the  liver  cells,  and  when  required  this  glycogen  is  acted  upon 
by  a ferment  and  set  free  in  small  quantities  as  sugar,  which 
when  oxidized  supplies  heat  to  the  body. 

The  Liver  also  converts  certain  substances  brought  to  it  into 
urea,  an  important  nitrogenous  waste  excreted  in  the  urine 
by  the  kidneys,  After  the  portal  blood  has  been  submitted 
to  the  action  of  the  liver,  it  passes  by  the  hepatic  vein  into  the 
inferior  vena  cava. 

By  these  important  functions  of  the  liver  the  composition  of 
the  blood  is  much  modified  and  rendered  largely  fit  for  circula- 
tion throughout  the  body. 

The  examination  of  a fresh  liver  from  the  rabbit  will  con- 
firm the  above  description,  whilst  the  characteristics  of  bile 
may  be  studied  by  using  the  bile  from  the  gall-bladder  of  an  ox. 
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CHAPTER  XIX 


THE  PANCREAS 

The  Pancreas  is  an  elongated,  tongue-shaped  organ  lying 
across  the  abdomen,  with  the  broad  end  in  the  bend  of  the 
duodenum  and  the  narrow  end  to  the  left,  near  the  spleen. 
It  is  held  by  a fold  of  the  mesentery  just  under  and  behind  the 
lower  border  of  the  stomach.  Its  cells  are  arranged  in  masses 
forming  lobules  ; each  lobule  has  a duct  opening  into  a central 
duct  which  runs  the  length  of  the  pancreas  and  finally  opens 
into  the  duodenum. 

The  pancreas  is  of  a yellowish  colour  and  loose  in  struc- 
ture ; this  organ  in  the  lower  animals  is  commonly  known  as 
the  lower  sweetbread. 

The  secretion  of  this  organ  is  spoken  of  as  pancreatic 
juice — a strongly  alkaline  and  powerfully  digestive  fluid. 
It  is  rich  in  solids,  amounting  to  as  much  as  io  per  cent.  Pan- 
creatic juice  contains  ferments  which  act  upon  three  classes 
of  food-stuffs,  viz.,  trypsin  ferment  on  proteids,  amylopsin  on 
starches,  and  steapsin  on  fats.  It  also  contains  a milk-curdling 
ferment  known  as  rennin. 

The  pancreatic  juice  and  the  secretion  of  the  liver  are  poured 
by  ducts  into  the  small  intestine,  where  they  meet  with  the  food 
coming  from  the  stomach.  It  must  be  noted  that  the  medium 
in  which  the  ferments  work  in  the  small  intestine  is  alkaline, 
not  an  acid  medium  as  in  the  case  of  the  stomach. 

The  result  of  the  action  of  pancreatic  juice  on  proteids  is  to 
convert  them  into  soluble  and  diffusible  peptones,  to  be  ab- 
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sorbed  into  the  blood  capillaries  in  the  walls  of  the  intestines. 
The  action  of  pancreatic  juice  on  fats  is  to  convert  them 
into  emulsions.  The  bile  aids  this  action.  The  fine  par- 
ticles of  fat  are  then  pressed  into  the  lacteals  in  the  villi,  and 
pass  by  way  of  the  thoracic  duct  into  the  blood  system.  The 
starch-converting  ferment  of  the  pancreatic  juice  changes  the 
starch  into  the  soluble  form  of  sugar,  which  becomes  absorbed 
directly  into  the  blood  capillaries  of  the  intestine.1 

Summary.  The  several  kinds  of  food-stuffs  are  considered 
in  separate  chapters,  and  it  is  only  necessary  here  to  summarize 
the  digestive  processes.  Mouth  digestion  includes  mastica- 
tion, softening  of  the  food  by  the  saliva,  and  the  action  of 
the  ferment  ptyalin  on  starch,  changing  it  into  grape  sugar. 


Thorough  mastication  helps  the  other  processes  and  prepares 
the  food,  for  swallowing.  When  the  pulpy  mass  reaches  the 
stomach,  gastric  digestion  begins  by  first  making  the  alkaline 
mass  acid  by  the  gastric  juice.  The  presence  of  the  food  in 
the  stomach  helps  the  flow  of  gastric  juice  and  also  the  con- 
traction of  the  muscular  walls  of  the  stomach.  The  gastric 
juice  becomes  thoroughly  mixed  with  the  food  and  the  ferment 
pepsin  changes  the  proteids  into  soluble  substances  ; there  is 
no  chemical  action  on  fat  or  starch. 

Some  of  the  soluble  foods  will  be  absorbed  by  the  blood 

1 Similar  experiments  to  those  given  in  connexion  with  the  gastric 
juice  should  be  carried  out  with  artificial  pancreatic  juice.  This  may  be 
obtained  from  the  chemist  under  the  name  of  Liquor  Pancreaticus. 
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vessels  of  the  stomach.  The  partially  changed  food  is  next 
passed  on  to  the  duodenum,  squeezing  through  the  pylorus  as 
the  muscular  ring  relaxes.  Next,  digestion  in  the  intestines 
takes  place.  The  food  is  acid  as  it  is  received  from  the 
stomach  ; it  is  first  rendered  alkaline  by  the  pancreatic  juice 
and  bile,  both  alkaline  fluids,  and  then  the  proteids,  fats,  and 
starches  that  are  present  are  digested. 


Fig.  62.— Sketch  of  lobules  and  secreting  cells  of  pancreas 
(micro-section.) 

The  fatty  matters  are  taken  up  by  the  lacteals,  and  as 
the  semi-fluid  mass  passes  over  the  mucous  membrane  of 
the  small  intestine  by  the  wave-like  action  of  the  muscular 
walls,  all  other  soluble  substances  become  absorbed  by  the 
blood  capillaries.  Finally,  the  insoluble  and  waste  sub- 
stances pass  on  to  the  large  intestine,  water  is  gradually 
absorbed,  and  the  contents  become  semi-solid. 


CHAPTER  XX 


THE  SPLEEN 

The  Spleen  is  an  organ  closely  associated  with  the  functions 
of  the  liver  and  the  composition  of  the  blood.  It  is  situated 
on  the  left  side  of  the  abdomen  against  the  cardiac  end  of 
the  stomach  and  protected  by  the  lower  ribs  ; foldings  of  the 
peritoneum  hold  it  to  the  stomach  and  diaphragm.  The 
colour  is  dark  and  of  a purplish  shade,  about  5 in.  in  length 
and  of  a flattened,  oval  shape.  The  side  against  the  stomach 
is  depressed  and  named  the  hilum  ; here  the  splenic  artery 
enters  and  splenic  vein  leaves. 

The  spleen  is  enclosed  in  a thin  capsule,  and  passing  from 
this  internally  are  many  branchings  of  connective  tissue  and 
pale  muscle  fibres  which  divide  the  interior  into  spaces  ; a very 
fine  tissue,  of  cells  with  numerous  branchings,  fills  in  the  spaces. 
This  latter  tissue  together  with  blood  and  large  numbers  of 
colourless  corpuscles  form  spleen  pulp.  The  organ  is  of  a 
spongy  nature,  and  when  cut  across  looks  like  a mass  of  dark- 
coloured  pulp.  The  spleen  of  a rabbit  is  elongated  and  of  a 
reddish-brown  colour.  Obtain  a piece  of  milt,  the  spleen  of 
the  ox,  and  examine  it  to  confirm  the  points  of  structure. 

The  blood  enters  the  spleen  by  the  splenic  artery,  which 
breaks  up  into  smaller  branches,  but  the  very  small  arteries 
do  not  end  in  capillaries.  The  blood  on  leaving  the  small 
arteries  passes  into  the  midst  of  the  spleen  pulp,  and  from  this 
into  the  beginnings  of  the  veins.  The  union  of  the  veins 
forms  the  splenic  vein,  which  on  leaving  the  spleen  joins  the 
portal  vein  and  the  blood  passes  to  the  liver. 
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In  the  spleen,  situated  on  the  branching  arteries,  are  small, 
globular  masses  of  tissue  named  lymphoid  tissue,  and  these 
become  crowded  with  lymph  or  colourless  corpuscles.  In 
this  kind  of  tissue  white  corpuscles  divide  into  two,  and  so 
multiply  their  number,  and  these  pass  through  the  midst  of  the 
pulp  into  the  blood.  It  will  appear  then  that  a function  of 
the  spleen  is  to  provide  additional  white  corpuscles.  The 
number  of  white  corpuscles  leaving  by  the  splenic  vein  is 
greater  than  the  number  entering  by  the  artery.  There  appears 
to  be  another  function  carried  on  by  this  organ.  Among  the 


large  number  of  red  corpuscles  in  the  spleen  pulp  a quantity 
appear  to  be  broken  down  or  worn  out,  and  the  spleen  aids 
their  destruction.  The  red  pigment,  haemoglobin,  is  not 
finished  with,  and  this  passes  with  the  portal  blood  to  the  liver 
and  is  of  further  use  in  giving  colour  to  the  bile. 

The  spleen  becomes  distended  by  blood  at  intervals  ; it  has 
muscle  fibres  in  its  structures,  and  by  these  it  frequently  contracts, 
aiding  the  passage  of  the  blood.  The  spleen  is  sometimes  called 
a “ blood-elaborating  gland,”  and  it  is  a “ ductless  ” gland,  hav- 
ing no  duct  leading  from  it.  It  is  not,  however,  a gland  in  the 
sense  in  which  we  have  used  this  name. 


Fig.  63. — Sketch  of  micro-section  of  spleen. 
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Other  structures  named  “ ductless  ” glands  are  the  Thyroid, 
the  Suprarenal  Capsules  and  the  Thymus  Glands.  Only  a 
brief  reference  to  these  is  necessary. 

Thyroid  Gland,  Two  little  cone-shaped  lobes  joined  to- 
gether by  a cross  piece  situated  one  at  each  side  of  the  trachea, 
just  below  the  thyroid  cartilage  or  Adam's  apple  : these  form 
the  thyroid  gland,  named  the  upper  sweetbread  in  the  sheep. 
It  is  a soft  and  lobulated  structure,  and  about  an  ounce  in 
weight  in  a healthy  condition  of  the  body  ; but  it  often  enlarges 
among  persons  in  certain  countries,  a condition  known  as 
Goitre.  Its  function  is  uncertain  ; it  seems  to  have  to  do  with 
the  nutrition  of  the  body  in  some  way.  If  it  does  not  act 
properly  in  early  life  it  is  often  the  cause  of  serious  conditions 
of  the  body  and  mind. 

Situated  on  each  kidney  are  little  ductless  glands  known  as 
Suprarenal  Capsules.  Their  true  function  is  not  known  ; 
if,  however,  they  become  diseased,  the  body  suffers. 

Another  small  gland  structure,  the  Thymus,  develops  by 
the  end  of  the  second  year  and  then  gradually  disappears.  This 
temporary  structure  is  found  in  early  life  just  inside  the  upper 
end  of  the  sternum. 


CHAPTER  XXI 


THE  LYMPHATIC  SYSTEM 

In  addition  to  the  blood  vessels  there  is  another  set  of  vessels 
in  the  body  engaged  in  absorbing  lymph  and  chyle,  and 
discharging  these  fluids  into  the  blood  system.  The  vessels 
doing  this  work,  together  with  numerous  glands,  form  what  is 
known  as  the  Lymphatic  or  Absorbent  System, 

The  Lymphatics  consist  of  capillary  vessels,  and  larger 
vessels  named  ducts,  and  a number  of  small  glands.  These 
structures  are  found  in  all  the  tissues  supported  by  and  lying 
in  the  connective  tissue.  In  fact,  wherever  connective  tissue 
is  found,  it  is  moist  with  a fluid  lymph,  and  there  are  present 
lymphatics  to  drain  off  surplus  lymph.  The  lymph  capillaries 
are  like  blood  capillaries,  but  usually  larger  and  made  up  of  a 
single  layer  of  epithelial  cells.  The  capillaries  actually 
begin  as  so  many  open  spaces  or  crevices  in  the  tissues ; the 
fluid  bathing  the  tissues  drains  from  these  into  lymph  capillaries, 
and  then  into  larger  vessels  like  veins — the  lymphatic  vessels, 
which  have  thin  walls  and  contain  numerous  valves,  each  valve 
formed  of  two  small  flaps  of  the  lining  membrane  of  the  vessel. 

The  fluid  is  always  pressing  forward  in  the  direction  of  the 
heart ; and  as  it  moves  along  the  lymphatic  vessels,  it  is  led 
into  small  swellings  known  as  lymphatic  glands,  in  length  from 
to  an  inch.  These  glands  are  very  numerous  in  the 
neck,  armpits,  junction  of  the  thigh  and  the  trunk,  and  on 
the  various  organs  of  the  body.  They  frequently  interpose  along 
the  course  of  the  vessels,  and  are  formed  of  collections  of  very 
fine  connective  tissue,  known  as  lymphoid  tissue.  The  lymph 
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is  freely  passing  through  these  so-called  glands  in  its  flow 
towards  the  heart,  and  it  gets  enriched  by  the  addition  of 
colourless  corpuscles.  The  colourless  corpuscles  which  are 


Fig.  64. — Lymphatics.  Thoracic  duct  shown  from  the  second  lumbar 
vertebra  to  the  junction  of  the  left  jugular  and  left  subclavian  veins. 
Lymphatic  gland  and  vessels. 


found  in  the  lymph  have  time  to  multiply,  by  dividing,  whilst 
passing  through  the  close  network  of  tissue  forming  the  glands. 
Doubtless  other  things  are  eliminated  from  the  lymph  while  it 
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is  passing  through  the  glands.  The  lymph,  having  been  pressed 
forward  through  these  vessels  and  glands,  is  passed  eventually 
into  the  circulating  blood  by  two  channels.  One  is  a channel 
formed  by  the  convergence  of  the  lymphatics  from  the  right 
side  of  the  head,  neck,  right  arm,  and  upper  part  of  the  right 
side  of  the  chest.  This  is  called  the  right  lymphatic  duct, 
and  opens  at  the  junction  of  the  right  jugular  and  right  sub- 
clavian veins  at  the  base  of  the  neck.  The  lymph  collected  by 
these  vessels  gets  into  the  superior  vena  cava  and  thence  to  the 
right  auricle. 

The  Thoracic  duct  is  a distinct  duct,  and  a large  number 
of  lymphatics  and  lacteals  open  into  it.  It  begins  at  the 
second  lumbar  vertebra,  passes  through  the  diaphragm  and 
alongside  the  vertebral  canal,  through  the  thorax  to  the  base  of 
the  neck,  and  opens  at  the  junction  of  the  left  jugular  and  left 
subclavian  veins,  the  contents  passing  by  the  superior  vena 
cava  into  the  right  side  of  the  heart.  The  thoracic  duct  has 
a diameter  of  about  of  an  inch.  It  is  similar  in  structure 
to  a vein,  and  has  many  valves.  The  lower  end  of  the  duct 
is  enlarged,  and  this  part  is  named  the  receptacle  for 
chyle.  The  lymphatics  which  begin  in  the  villi  of  the 
small  intestine  travel  over  the  mesentery  and  join  the  lower 
portion  of  the  thoracic  duct.  These  vessels,  which  are  none 
other  than  lymphatics,  are  engaged  in  carrying  to  the  thoracic 
duct  during  the  absorption  of  fatty  matters  from  the  small 
intestines  a milky-looking  fluid  named  chyle,  and  for  this  reason 
these  lymphatics  are  called  lacteals,  from  lac , lactis , milk. 
When  fatty  substances  are  not  being  carried  by  the  lacteals 
then,  like  the  lymphatics,  they  contain  only  lymph.  The  thoracic 
duct  also  receives  the  lymphatics  from  all  parts  of  the 
body,  except  those  joining  the  right  lymphatic  duct. 

Lymph  is  a pale  yellowish  fluid  which  bathes  the  tissues  ; 
it  contains  colourless  corpuscles  and  will  form  a clot  if  left 
exposed  to  the  air.  It  is  like  blood  plasma,  in  fact,  it  is  plasma 
which  has  been  exuded  through  the  capillary  walls  to  nourish 
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the  tissues.  The  tissues  have  taken  all  they  require,  and  the 
surplus  is  gathered  up,  or  absorbed  into  the  lymphatics,  and 
conveyed  back  by  the  thoracic  duct  and  by  the  right  lymphatic 
duct  into  the  blood  system  to  be  again  circulated.  The  lymphatics 
have  conveyed  into  the  blood  system  more  than  surplus  plasma 
or  lymph,  for  the  lymph  has  been  mixed  with  chyle  in  the 
thoracic  duct. 

Chyle  is  a milky-looking  fluid  formed  by  the  addition 
to  the  lymph  from  the  small  intestines  of  finely  divided  par- 
ticles of  fat,  in  the  form  of  an  emulsion,  It  is  lymph  plus 
fatty  particles,  It  will  be  noted  here  that  when  digested  fat 
is  added  to  blood  it  is  absorbed  by  the  lacteals  and  goes  by  way 
of  the  thoracic  duct,  whereas  all  other  food-stuffs  when 
digested  are  absorbed  by  the  blood  capillaries  in  the  stomach 
and  intestines  and  go  direct  into  the  blood  circulation. 

The  lymphatics  are  colourless  vessels,  unlike  blood  vessels, 
and  can  only  be  made  visible  by  being  injected  with  something, 
such  as  quicksilver.  The  lacteal  vessels  are  visible,  as  milky- 
looking  vessels,  when  charged  with  chyle. 

The  lymphatics  and  lacteals  are  engaged  in  carrying  fluids 
only  one  way,  i.e.,  towards  the  heart.  The  passage  of  the 
contents  of  these  vessels  will  be  aided  by  any  external 
pressure,  such  as  the  contraction  of  the  muscles  and  the 
movements  of  the  organs.  The  walls  are  thin,  and  there  are 
numerous  valves,  so  that  any  pressure  external  to  the  contents 
must  help  on  the  liquids.  Some  muscular  contraction  of  the 
walls  of  the  lymphatics  and  also  some  pressure  outside  from  the 
lymph  in  the  tissues  will  help  the  circulation  towards  the 
heart. 
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FOOD  AND  NUTRITION 

The  animal  body  as  a machine  differs  from  other  machines 
by  being  self- repairing  and  self-renewing.  Given  the  raw 
material  in  the  form  of  food,  the  body  by  a series  of  mechani- 
cal and  chemical  actions  converts  the  food  into  a condition 
to  nourish  and  renew  its  tissues. 

The  weight  of  an  average  size  man  is  taken  as  154  lb.,  dis- 
tributed as  follows 

Bones  . . . 24  lb. 

Muscles  . . 66  ,, 

Skin  . . . 12  „ 

Fat  ....  27  „ 

Brain  and  Spinal  Cord  . 4 „ 

Viscera  . . . 13  „ 

Blood  . . . . 8 „ 

154  „ 

Water,  Mineral  Salts,  and  Organic  Compounds  make 
up  the  total  weight.  Water  enters  so  freely  into  the  com- 
position of  the  tissues  that  nearly  two-thirds  of  the  total 
weight  of  the  body  is  water,  e.g.,  the  muscles,  which  form  so 
large  a part  of  the  body,  contain  about  7 5 per  cent  of  water, 
whilst  the  brain  and  nerves  have  upwards  of  95  per  cent  of 
water,  and  even  the  hardest  structure  such  as  bone  has  much 
water. 

Water  is  essential  to  the  activities  of  all  the  tissues,  and 
it  forms  the  bulk  of  all  the  secretions  and  excretions  of  the  body. 
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Mineral  substances  are  distributed  in  larger  or  smaller 
quantities  in  the  tissues  and  liquids  of  the  body.  The  other 
substances  composing  the  tissues  and  organs  are  included  under 
the  term  Organic. 

The  water,  mineral  salts,  and  organic  compounds  of  the  body 
are  named  Proximate  Principles.  These  consist  of  Chemi- 
cal Compounds  grouped  under  the  divisions  Inorganic  and 
Organic.  The  former  include  water  and  mineral  salts,  and 
the  latter  proteids,  carbohydrates,  and  fats. 

The  food  consumed  by  man,  although  consisting  of  proxi- 
mate principles  similar  to  those  composing  the  animal  body, 
undergoes  a series  of  changes  by  digestion  before  it  can 
enter  into  the  composition  of  the  .tissues.  It  is  in  the  province 
of  the  digestive  functions  to  bring  about  these  changes. 

The  following  examples  of  the  proximate  principles  should 
be  considered  : — 

Proteids.  Complex  compounds,  consisting  of  the  elements 
carbon,  hydrogen,  oxygen,  nitrogen,  associated  with  sulphur 
and  phosphorus,  are  found  both  in  animals  and  plants.  They 
are  the  source  of  the  nitrogen  needs  of  the  body.  Examples 
of  animal  and  vegetable  proteids  are  : Albumen,  found  in 
the  white  of  egg  and  in  milk  ; Globulin,  in  the  yolk  of  egg  ; 
Myosin,  in  the  lean  of  meat ; Casein,  in  milk  and  cheese ; 
Gluten,  in  the  flour  of  cereals  and  in  the  potato  ; Legumin, 
a kind  of  vegetable  albumen,  found  in  peas,  beans,  and  lentils. 

Gelatin,  obtained  from  connective  tissue,  tendon,  and  bone, 
is  a proteid,  although  not  of  equal  value  with  the  foregoing. 

Fibrin  is  a proteid  found  in  blood  and  therefore  not  com- 
monly used  as  food. 

Carbohydrates  are  compounds  of  carbon,  hydrogen,  and 
oxygen,  and  for  convenience,  as  the  name  implies,  may  be 
regarded  as  carbon  with  the  elements  of  water.  Starch  is  a 
typical  example  of  this  combination,  consisting  of  (C6H10O5)„ 
or  C6(H20)rt,  and  is  commonly  found  in  plants.  Glycogen, 
or  animal  starch  (C6H10O5)„,  is  obtained  from  the  liver  and 
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muscles  of  animals.  Sugar,  another  form  of  carbohydrate, 
found  as  grape-sugar  (C6H1206),  cane-sugar  (C12H22On),  milk- 
sugar  (C12H22On),  and  malt-sugar  (C12H22On). 

Cellulose  (C6H10O5)M,  forming  the  cell  walls  of  plants,  is 
largely  insoluble  and  indigestible. 

Fats  and  Oils  are  composed  of  carbon,  hydrogen,  and 
oxygen,  but  in  this  case  the  hydrogen  and  oxygen  are  not  in 
the  proportion  in  which  they  form  water.  Cream  (which  is 
essentially  butter-fat),  meat-fat,  and  vegetable  oils  are  examples. 

Mineral  Salts.  These  are  found  distributed  in  animal 
and  vegetable  foods,  and  are  taken  into  the  body  as  salts  of 
lime,  potash,  soda,  iron,  and  magnesia — as  chlorides,  phosphates, 
carbonates,  and  sulphates.  Vegetable  or  organic  acids  and 
their  salts  likewise  enter  into  the  composition  of  food,  especi- 
ally fruits  and  vegetables. 

Water  is  taken  into  the  body  as  liquids  or  as  a constituent 
of  all  solid  foods. 

CLASSIFICATION  OF  FOOD.  For  convenience  and 
according  to  common  practice  all  foods  are  divided  into  : — 

, x T • (Water 

(a)  Inorganic  j ^ 

( Proteids 

( b ) Organic  -j  Carbohydrates 

j Fats  and  Oils 

The  Organic  is  further  subdivided  into  those  food  substances 
containing  nitrogen,  in  addition  to  the  elements  carbon, 
hydrogen,  and  oxygen,  and  those  without  nitrogen.  Nitrogen- 
ous ; albumen,  myosin,  casein,  gluten,  legumin,  and  gelatin. 
Non-nitrogenous  ; carbohydrates,  fats  and  oils,  starches, 
sugars.  Having  regard  to  the  value  of  the  foods  in  the  body, 
the  nitrogenous  division  is  essential  to  supply  the  needs  of 
all  those  tissues  containing  nitrogen.  The  bulk  of  the  tissues 
of  the  body,  especially  the  muscular,  contain  nitrogen  com- 
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bined  with  carbon,  hydrogen,  and  oxygen,  and  these  demand 
nitrogen  for  repair  and  renewal. 

Another  function  of  food  is  to  provide  for  the  production 
of  heat.  The  temperature  of  our  bodies  is  maintained  at  98° 
to  990  F.,  which  is  much  higher  than  the  surrounding  tempera- 
ture, and,  moreover,  our  bodies  are  being  continually  deprived 
of  heat  by  the  colder  surroundings.  Much  heat,  therefore, 
must  be  generated  to  meet  these  demands. 

The  Non-nitrogenous  foods,  starch,  sugar,  fat,  and  oil, 
fromi  the  absence  of  nitrogen  in  their  composition,  cannot 
supply  materials  for  repair  and  formation  of  nitrogenous  tissues. 
These  foods  have,  however,  the  elements  carbon,  hydrogen, 
and  oxygen  which  upon  oxidation  generate  heat  energy. 
The  carbohydrates  and  fats  are  serviceable  in  the  production 
of  heat  and  in  maintaining  the  temperature  of  the  body.  It 
is  important  to  note  that  proteids  contain  carbon,  hydrogen, 
and  oxygen  in  addition  to  nitrogen,  and  are  able  to  contribute 
to  the  heat  of  the  system.  Whilst  sugar,  starch,  and  fat,  in  the 
absence  of  nitrogen,  are  unable  directly,  at  least,  to  build  up 
the  nitrogenous  tissues,  we  cannot,  however,  rigidly  separate 
the  nitrogenous  and  non-nitrogenous  foods  into  tissue  formers 
and  heat  producers.  From  the  foregoing  considerations  it  is 
better  to  regard  proteids  as  tissue  formers  and  heat  and 
work  producers,  and  the  carbohydrates  and  fats  as  heat  and 
work  producers.  The  carbohydrates  contribute  to  the 
formation  of  fat,  and  it  is  probable  that  the  non-nitrogenous 
foods  in  some  way  indirectly  help  to  the  formation  of  the  nitro- 
genous tissue. 

Mineral  Salts  are  found  in  all  the  tissues  and  are  neces- 
sary to  their  structure.  The  mineral  salts  also  aid  the  ab- 
sorption of  other  food  substances  by  varying  the  density  of 
the  liquids,  whilst  the  presence  of  water  is  essential  to  the 
solution  and  transport  of  all  other  foods  in  the  body. 

The  following  table  illustrates  the  Proximate  Principles 
occurring  in  ordinary  foods  : — 
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APPROXIMATE  PERCENTAGE  COMPOSITION  OF  FOOD- 
STUFFS 


Name  Water. 

Proteids 

Fats 

Carbo- 

hydrates 

Min. 

Salts 

Milk,  cow’s  . 

87 

4 

3-8 

4'5 

7 

,,  human  . 

87 

2-2 

4 

6-5 

•3 

Eggs  . 

74 

14 

10-5 

— 

i-5 

Bread,  average  fresh 

40 

8 

i*5 

49 

1‘5 

,,  wholemeal  . 

34 

9’5 

i-5 

53 

2 

Beef,  lean 

75 

20 

4 

1 

Pork,  fat 

60 

13 

26 

— 

1 

Soles  . 

86 

12 

*5 

— 

i*5 

Herrings 

80 

10 

8 

— 

2 

Salmon 

76 

15 

7 

— 

2 

Cheese,  fat  . 

36 

28 

30 

2 

4-o 

,,  medium  . 

46 

28 

20 

3 

3 

Butter,  fresh  . 

12 

2 

86 

3 

„ salt  . 

14 

1 

70 

— 

15 

Oatmeal 

15 

x3 

6 

63 

3 

Rice 

10 

5 

•1 

84-4 

•5 

Peas  and  beans 

15 

22-5 

2 

57’5 

3 

Potatoes 

76 

2 

•1 

20 

1*9 

Arrowroot  and  sago 

15 

•8 

— 

84 

Cabbage,  boiled  . 

97 

•1 

•4  1 

f *2  i ’i  salts 
[i’i  i’o  fibre 

Apples  . . j- 

82-5 

•4 

— 

12*5  j 

i-g  salts 
L 27  fibre 

INCOME  AND  EXPENDITURE  OF  THE  BODY. 
The  daily  loss  occurring  in  a man’s  body  is  between  7 and 
8 lb.,  comprising  about  6 lb.  of  water  and  2 lb.  of  solids.  The 
channels  through  which  the  losses  occur  are  : — 

The  Lungs,  excreting  approximately  35  oz.  (C02  gas,  water, 
traces  of  organic  matter,  and  salts). 

The  Skin,  excreting  approximately  25  oz.  (water,  traces  of 
salts,  organic  matter,  and  C02). 

The  Kidneys,  excreting  approximately  52  oz.  (water,  organic 
matter,  much  mineral  salts,  and  traces  of  C02). 

The  Intestines,  excreting  approximately  5 oz.  (water  and 
solids). 

Total  amount  120  oz.,  or  nearly  8 lb. 

In  order  to  meet  the  daily  expenditure,  given  quantities  of 
proximate  principles  of  food-stuffs  must  be  supplied  to  the  system. 
It  has  been  ascertained  that  to  permit  a man  to  do  moderate 
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work  and  keep  the  body  in  a state  of  physiological  equili- 
brium, i.e.,  that  the  body  neither  loses  nor  gains  in  weight, 
certain  quantities  of  these  principles  are  necessary. 

A standard  diet  of  23  oz.  of  dry  solids,  which  is  equivalent 
to  about  3 lb.  of  ordinary  food-stuffs,  is  made  up  of  : — 

4^  oz.  of  Proteids. 

14-J  oz.  of  Carbohydrates. 

3 oz.  of  Fat. 

1 oz.  of  Salts. 

~ oz. 

These  23  oz.  represent  the  amount  of  chemically  dry  or 
water-free  foods.  But  in  taking  ordinary  food-stuffs  we 
require  about  twice  this  quantity,  say  46  oz.  or  daily  3 lb. 
In  addition  60  to  80  oz.  of  water  are  required  to  meet  the 
expenditure. 

By  reference  to  the  table  it  will  be  seen  that  milk  contains 
all  the  proximate  principles  ; and  these  are  in  proportions  to 
meet  the  requirements  of  the  body  in  early  life  ; whence 
milk  is  taken  as  a type  or  model  food.  Apart  from  milk, 
which  is  strictly  adapted  to  the  requirements  of  infant  life,  the 
table  also  shows  that  no  one  article  of  food  contains  all  the 
proximate  principles  and  in  the  proportions  suited  to  serve 
the  nutrition  of  the  animal  economy.  It  is  therefore  expedient 
on  these  grounds  to  select  a mixed  diet. 

The  chemical  composition  of  food-stuffs  alone  is  an  in- 
sufficient guide  in  reference  to  the  selection  of  food.  The  fact 
of  its  physiological  value,  i.e.,  digestibility  and  suitability, 
must  be  considered.  For  example,  cheese  shows  a high  chemi- 
cal value,  whilst  generally  speaking  it  is  not  easy  of  digestion  ; 
other  examples  will  be  recognized  in  the  table. 

In  the  several  food-stuffs  taken  into  the  body  we  recognize 
that  they  contain  similar  chemical  elements  to  those  found 
making  up  the  composition  of  the  tissues.  The  muscular  tissue, 
for  example,  contains  proteid,  fat,  water,  and  mineral  salts  ; the 
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bones  contain  proteid,  waiter,  and  mineral  salts,  and  so  with  the 
other  tissues.  The  food  taken,  then,  must  be  suited  to  meet 
the  requirements  of  the  tissues  regarding  composition. 

The  tissues  are  constantly  setting  free  energy  in  the  form 
of  work  and  heat.  The  waste  matters  resulting  from  the 
several  activities  of  the  tissues  take  the  forms  of  carbon  dioxide, 
organic  matter,  chiefly  urea  CO(NH2)2,  water,  and  mineral  salts. 
The  waste  matters  leave  the  body  in  comparatively  simple  forms 
as  gas,  water,  and  solids  in  solution,  whilst  the  food-stuffs  which 
enter  the  body  are  highly  complex  compounds, 

Oxidation.  In  order  to  reduce  the  complex  compounds 
forming  the  food  and  the  tissues  of  the  body  to  less  complex 
compounds  which  leave  the  body  as  waste  matters,  the  import- 
ant chemical  action  of  oxidation  comes  into  play.  The  oxy- 
gen entering  the  lungs,  taken  up  by  the  haemoglobin  of  the  red 
corpuscles,  is  carried  by  the  blood  stream  into  intimate  relation 
with  the  cells  and  tissues.  The  oxygen  now  forms  new  com- 
pounds with  elements  and  compounds  which  result  from  the 
break-down  of  the  tissues.  This  is  spoken  of  as  oxidation,  a 
most  important  function.  It  is  a condition  of  burning,  just 
as  coal,  wood,  or  oil  burn  by  the  supply  of  oxygen  gas  ; or, 
when  the  bodies  of  animals  and  plants  decay,  we  have  a con- 
dition of  oxidation.  In  these  cases,  the  oxygen  forms  with 
the  elements  of  the  wood,  coal,  oil,  or  the  dead  bodies  of 
animals  and  plants,  new  compounds  and  sets  free  others ; in 
other  words  it  reduces  them  from  complex  compounds  to  simple 
ones.  The  products  of  oxidation  are  carbon -dioxide  (C02) 
gas,  ammonia  (NH3)  gas,  water  vapour  (H20),  leaving  behind 
the  ash,  representing  the  mineral  salts. 

In  the  case  of  oxidation  taking  place  in  the  living  body, 
similar  products  result  as  waste,  except  that,  as  a rule,  the  pro- 
teid waste  takes  the  form  of  urea  instead  of  ammonia.  The 
urea,  however,  readily  passes  to  the  latter  condition  and  gives 
off  ammonia  gas. 

Oxidation,  then,  renders  the  waste  substances  of  the  body 
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into  a fit  state  to  leave  the  body  by  the  organs  of  excretion, 
the  lungs,  kidneys,  and  skin,  as  gas,  water,  and  solids  in 
solution. 

Temperature,  Oxygen,  in  uniting  with  other  elements  in 
the  body  to  form  the  waste  matters,  also  generates  heat  by 
which  the  temperature  of  the  body  is  maintained.  All  over  the 
body  oxidation  is  taking  place  like  so- many  small  fires  burning 
and  giving  heat ; the  total  result  of  this  oxidation  is  to  give 
a temperature  to  the  body  of  98*6°  F.  or  370  C. 

It  is  most  important  to  consider  the  fact  that  the  oxidation 
taking  place  in  the  body  is  the  oxidation  of  the  waste 
matters  derived  from  the  activities  of  the  tissues,  and  not 
the  direct  oxidation  of  the  food  supplied.  The  food  substances 
are  first  built  into  the  composition  of  the  tissues,  and 
waste  matters  appear  as  a result  of  the  break-down  of  the 
tissues.  The  different  kinds  of  foods,  viz.,  proteids,  carbohy- 
drates, fats,  and  mineral  salts  are  taken  in  and  dealt  with  in  the 
mouth,  stomach,  and  small  intestine,  and  digested.  The  objects 
of  digestion  are,  as  already  considered,  to  render  the  several 
substances  soluble  and  diffusible.  They  are  physically  and 
chemically  changed,  and  in  this  changed  condition  fit  to  be 
absorbed,  the  proteids,  carbohydrates,  and  salts  by  the  blood 
capillaries  of  the  stomach  and  intestine,  and  the  fatty  matters 
by  the  villi  of  the  small  intestine.  The  fatty  foods  enter  by 
way  of  the  thoracic  duct  and  general  circulation,  whilst  the 
other  foods  absorbed  are  first  submitted  to  the  action  of  the 
liver  before  entering  the  circulation.  The  whole  of  the  absorbed 
food  is  now  carried  to  the  tissues  of  the  body  and  assimilated. 

Assimilation.  This  word  is  used  to  mean  the  taking  up 
by  the  tissues  of  that  which  they  require,  and  incorporating 
the  materials  of  the  food  into  their  structures.  In  this  way 
the  tissues  are  said  to  be  nourished,  and  repair  and  renewal 
take  place.  The  food  to  be  of  service  to  the  body  must  be 
assimilated.  Digestion  has  three  well-marked  stages  : the 
preparation  of  the  food  to  be  absorbed  ; next  the  absorption 
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and  circulation  of  the  digested  food  ; and  finally  the  assimila- 
tion of  the  digested  food. 

In  considering  the  nutrition  of  the  tissues  it  will  be  noted 
that  the  tissues  are  not  directly  nourished  by  the  blood.  As 
the  arterial  blood  courses  along  the  capillaries,  a portion  of  the 
plasma  passes  out  to  bathe  the  tissues.  This  exuded  plasma 
we  have  considered  as  lymph  ; it  contains  the  nutritive 
substances  of  the  food,  and  through  the  medium  of  this  lymph 
nutrition  is  afforded  to  the  tissues.  In  a similar  manner  the 
cells  of  the  glands  are  bathed  with  lymph  from  which  they 
obtain  the  materials  for  their  secretions  and  excretions.  Oxy- 
gen also  is  supplied  through  the  medium  of  the  lymph,  and 
here  it  is  that  the  oxidation  of  waste  from  the  tissues  takes 
place.  From  the  lymph  bathing  the  tissues  the  waste  finds  its 
way  into  the  capillaries  and  onward  to  the  general  circulation, 
and  finally  to  the  organs  of  excretion. 

The  thinness  and  permeability  of  the  walls  of  the  capillary 
vessels  is  of  prime  importance  in  allowing  of  the  passage  of 
liquids  and  gases.  The  physical  law  of  Osmosis,  by  which 
liquids  of  different  densities,  when  separated  by  a thin  mem- 
brane the  one  from  the  other,  tend  to  diffuse,  in  part  explains 
the  exchange  taking  place  in  the  tissues,  that  is,  the  pass- 
age or  diffusion  of  blood  plasma  and  oxygen  out  of  the 
capillaries  into  the  tissues,  and  the  passage  of  carbon-dioxide 
gas  and  other  waste  matters  into  the  blood  capillaries.  It 
must  not  be  overlooked  that  lymphatic  vessels  are  also  engaged 
in  absorbing  the  surplus  plasma  or  lymph,  with  the  additions 
of  waste  substances,  from  the  tissues,  as  explained  in  the 
chapter  under  Lymphatic  System. 


Epidermis 


CHAPTER  XXIII 


ORGANS  OF  EXCRETION 

In  carrying  on  the  several  functions  of  the  body,  that  is 
doing  work,  much  waste  results.  These  waste  matters  take 
the  form  of  water  and  water  vapour,  carbon-dioxide  gas,  organic 
matters,  and  mineral  salts. 

These  are  discharged  from  the  body  by  the  agency  of  ex- 
cretory organs,  the  lungs,  kidneys,  and  skin.  The  products 
resulting  from  the  activities  of  the  body  are  taken  up  and  ex- 
creted, because  they  are  unfit  to  serve  any  further  purpose  in 
the  body. 

In  the  case  of  the  lungs,  already  considered,  the  gas  C02 
forms  the  principal  excretory  product.  Some  water  in  the 
form  of  vapour  and  traces  of  organic  matter  are  also  discharged. 
This  chapter  will  concern  itself  with  a consideration  of  the 
kidneys,  and  the  following  will  deal  with  the  excretory  function 
of  the  skin. 

The  Kidneys,  two  in  number,  are  situated  in  the  abdomen 
against  the  lumbar  region,  one  on  either  side  of  the  vertebral 
column.  The  human  kidney  is  about  4 in.  in  length  and  2-j- 
in.  in  breadth  and  the  colour  is  dark  red  or  brownish  red,  and, 
like  that  of  the  sheep,  kidney-bean  shaped.  The  depressed 
side  faces  the  vertebral  column  and  is  named  the  hilus,  whilst 
the  greater  curvature  is  turned  outwards.  The  renal  artery 
enters  at  the  hilus,  going  as  a large  direct  branch  from  the  aorta, 
and  the  renal  vein  leaves  at  the  hilus  and  enters  the  inferior 
vena  cava  direct.  The  ureter  tube  also  leaves  the  kidney  at 
the  hilus  ; it  keeps  close  against  the  back  of  the  abdomen  near 
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the  vertebral  column,  and  at  the  bottom  of  the  abdomen  it 
opens  into  the  bladder. 

Each  kidney  is  held  in  position  by  the  artery,  the  vein,  the 
ureter,  and  more  or  less  of  fatty  tissue  which  invests  it. 

The  arrangement  of  these  parts  can  be  well  seen  on  removal 
of  some  of  the  organs  from  the  abdomen  of  the  rabbit,  when  it 
will  be  observed  that  the  right  kidney  is  higher  up  than  the 
left,  which  causes  a depression  in  the  right  lobe  of  the  liver. 

Procure  a sheep’s  kidney  and  make  the  following  obser- 
vations : — 

Form,  size,  and  colour.  A thin  skin,  the  capsule,  covers  it, 
and  fat  adheres  to  the  capsule  and  also  enters  the  hilus.  At 
the  hilus  make  out  the  renal  artery  and  vein  and  the  ureter. 
Next  make  a section  dividing  it  lengthwise.  Below  the  capsule 
there  is  a dark  red  portion  of  some  thickness  named  the  cortex  ; 
this  bounds  a lighter  or  medullary  portion  within.  The  latter 
is  marked  off  into  a number  of  pyramid-shaped  divisions,  and 
the  apex  of  each  pyramid  opens  into  a kind  of  cup  and  this 
into  a whitish-looking  part  within  the  hilus,  named  the  pelvis 
of  the  kidney.  The  base  of  each  pyramid  i^  towards  the  cor- 
tex, and  parts  of  the  cortex  pass  a short  way  between  the  bases 
of  the  pyramids.  Squeeze  the  apex  of  a pyramid  and  drops  of 
liquid  are  emitted,  and  by  pressing  the  cortex  drops  of  blood 
maybe  seen.  Further  examination  of  the  kidney  structures 
must  be  made  by  means  of  microscopical  sections. 

The  kidney  is  made  up  of  a great  number  of  minute  tubes 
or  tubules,  supplied  with  numerous  blood  vessels,  nerves,  and 
lymphatics,  and  the  whole  of  these  structures  are  supported  by 
connective  tissue  making  a firm  mass.  The  kidney  is  spoken  of 
as  a compound  tubular  gland,  and  is  engaged  in  separating 
the  constituents  of  urine  from  the  blood. 

The  tubules  and  blood  vessels.  Each  tubule  begins  in 
the  cortex  by  a globular  end  or  Malpighian  capsule,  it 
then  twists  and  turns,  next  goes  downward  into  the  medullary 
portion,  and  then  upward  into  the  cortex  and  thus  forms  a 


ORGANS  OF  EXCRETION 


135 


loop ; then  it  becomes  zigzag  and  joins  a straight  tubule 
which  opens  at  the  apex  of  a pyramid.  At  the  apex  are  the 
minute  openings  of  straight  tubules.  Each  tubule  is  lined 
with  at  least  three  kinds  of  cells,  and  these  have  distinct  func- 
tions in  the  separation  of  the  constituents  of  the  urine.  In- 
side the  capsule  of  a tubule  is  a bunch  of  blood  capillaries, 
named  a glomerulus,  derived  from  a branch  of  the  renal 
artery.  A small  vessel  leaves  the  glomerulus,  passing  out  of 
the  capsule,  and  then  forms  a network  of  capillaries  round 
about  the  parts  of  the  tubule  known  as  the  convoluted,  the 
twisted,  and  the  zigzag  portions.  In  these  parts  there  are 


Fig.  66. — Sheep’s  kidney,  sectional  view. 

secreting  cells  which  remove  from  the  blood  water  and  the 
more  solid  constituents  of  the  urine,  whereas  in  the  capsule 
the  bunch  of  capillaries  is  separated  from  the  tubular  part  by 
a single  layer  of  flattened  cells,  and  here  most  of  the  water  is 
filtered  into  the  tube.  The  watery  portion  now  helps  to 
carry  down  the  solids,  separated  by  the  cells,  to  the  pelvis  of 
the  kidney,  thence  by  the  ureter  to  the  bladder. 

Pelvis  and  Ureter,  The  pelvis  of  the  kidney  is  the 
upper  and  wider  portion  of  the  ureter ; as  the  ureter  enters  at 
the  hilus  the  tube  widens  and  becomes  the  pelvis  or  basin 
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into  which  the  urine  from  the  straight  tubules  passes.  The 
urine  then  continues  down  the  ureter,  a fine,  white-looking 
tube  12  to  1 6 in.  in  length,  to  the  bladder.  The  ureters  enter 
the  bladder  in  an  oblique  manner,  and  when  the  bladder 
contracts  it  closes  the  mouth  of  each  ureter  and  prevents  the 
urine  passing  back. 

The  Bladder  is  a pear  or  flask-shaped,  muscular, 
membranous  bag,  lined  with  mucous  membrane,  and  having 


Fig.  67. — Arrangement  of  the  structures  of  the  kidney  to  show  the  course 
of  the  tubules,  cells  of  tubule  seen  at  different  parts. 

a capacity  of  about  one  pint,  when  moderately  distended.  It  is 
lodged  in  the  pelvis  of  the  abdomen  and  in  front  of  the  rectum 
in  the  male.  The  bladder  opens  to  the  exterior  by  a passage, 
the  urethra,  which  is  guarded  by  a sphincter  muscle.  This 
relaxes  periodically  to  allow  of  the  discharge  of  the  urine.  The 
contraction  of  the  bladder  and  the  relaxing  of  the  sphincter 
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muscle  is  under  the  action  of  nerves,  and  these  act  reflexly. 
There  is  a continual  passage  of  urine  into  the  bladder,  which 
serves  as  a kind  of  reservoir  to  hold  the  urine  for  a given 
time. 

Urine.  About  52  oz.  of  urine  are  passed  daily  by  a man  of 
average  weight  and  size,  containing  about  50  OZ,  of  water 
and  2 oz.  of  solids  in  solution.  The  specific  gravity  of  urine 
in  health  is  1015  to  1025  ; the  colour  varies,  and  the  reaction 
when  fresh  is  acid.  The  solids  of  the  urine  readily  give  an 
indication  of  the  condition  of  the  system,  and  an  examination 
of  the  urine  by  a medical  man  affords  important  information. 


Fig.  68. — Malpighian  capsule  with  glomerulus  and  beginning  of 
convoluted  tubule;  b,  afferent;  d , efferent  vessel. 

About  one-half  of  the  total  solids  of  urine  is  Urea,  a compound 
of  CONH.  The  nitrogen  in  leaving  the  body  is  contained 
chiefly  in  the  urea.  Urea  is  formed  from  the  waste  of  the 
tissues  as  the  result  of  work.  It  is  the  form  in  which  nitro- 
genous substances  leave  the  body  after  having  served  the 
purpose  of  building  tissues.  If  urea  is  not  discharged  it  poisons 
the  system.  Practically  all  the  urea  leaves  the  body  by  the 
kidneys,  only  a trace  by  the  skin.  Urine  contains  small 
quantities  of  uric  acid  and  other  nitrogenous  bodies. 
Mineral  salts  are  excreted  in  the  urine,  the  chief  of  which 
are  sodium  and  potassium  chlorides. 
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The  blood  supply  to  the  kidneys  is  large,  and  a special 
distribution  of  vessels  is  found  in  harmony  with  the  special 
work  of  excretion  by  the  tubules.  In  the  case  of  the  kidneys, 
the  cells  do  not  make  or  manufacture  something  from  the 
materials  taken  from  the  blood,  but  are  simply  engaged  in  re- 
moving products  of  waste  from  the  tissues  that  are  already  in 
the  blood,  This  is  quite  different  from  the  work  of  gastric  and 
salivary  gland  cells  ; these  make  new  products  out  of  the 
substances  brought  to  the  glands  by  the  blood.  Many  things 
and  conditions  influence  the  activity  or  otherwise  of  the  kidneys. 
Observe  the  effect  of  cold  upon  the  skin,  checking  perspira- 
tion and  increasing  the  activity  of  the  kidneys.  When  per- 
spiration is  free  the  excretion  of  urine  is  less.  In  winter,  then, 
the  kidneys  are  called  upon  to  do  more  work,  whilst  in  hot 
weather  the  increased  activity  of  the  skin  relieves  the  kidneys 
of  some  work  as  far  as  the  excretion  of  water  is  concerned. 

This  mutual  relationship  between  the  kidneys  and  the  skin 
will  be  better  followed  after  a study  of  the  skin  in  the  following 
chapter. 


CHAPTER  XXIV 


THE  SKIN 

The  Skin  covers  the  whole  of  the  external  surface  of  the 
body,  and  serves  as  an  important  excretory  organ,  carrying 
on  a like  function  with  the  lungs  and  kidneys  in  getting  rid  of 
waste  substances  from  the  system.  In  order  to  understand 
the  excretory  action  of  the  skin  a study  of  its  structure  must 
first  be  made.  The  skin  covers  the  voluntary  muscles,  but 
between  the  skin  and  muscles  is  to  be  found  a variable  quantity 
of  fatty  tissue,  often  in  large  quantities  in  stout  persons.  Fatty 
tissue  gives  plumpness  to  the  body,  and  helps  to  conserve  the 
heat  of  the  body.  In  poorly  nourished  and  starved  persons 
the  skin  shows  a leanness  and  a wrinkling.  The  fat  beneath 
the  skin  is  named  subcutaneous.  Above  this  is  the  true  skin 
or  dermis,  and  resting  on  this  the  epidermis.  Included  in 
these  two  layers  are  sweat  glands,  sebaceous  glands,  hair 
follicles  containing  hairs,  nails,  blood  vessels,  and  nerves. 

The  Epidermis  or  outer  skin  is  cellular,  composed 
of  several  layers  of  cells  variously  modified.  The  lowermost 
cells  are  soft  and  moist,  growing  and  reproducing,  and  they  get 
nourished  from  the  blood  supply  in  the  dermis.  As  the  cells 
get  pushed  up  they  become  flattened  by  pressure,  and  at  the 
surface  are  reduced  to  a scaly  condition,  of  a horny  nature 
and  are  dead.  These  epidermal  cells  are  so  minute  and  thin 
that  they  constantly  pass  off  the  body  without  notice.  In  the 
case  of  fever  they  are  noticed  in  flakes,  a condition  of  “ peel- 
ing No  blood  vessels  and  no  nerves  actually  pass  into  the 
epidermis,  at  least  not  beyond  the  bottom  cells.  It  is  said  to 
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be  non-vascular  and  non-sensitive.  In  parts  of  the  hand 
where  the  skin  is  thickened  by  pressure,  thin  slices  can  be  cut 
without  pain  and  without  drawing  blood.  The  skin  sometimes 
becomes  blistered,  that  is,  the  epidermis  separates  from  the 
dermis  by  the  presence  of  a collection  of  watery  fluid  or  lymph. 
This  lymph  is  exuded  plasma,  and  by  its  means  the  lowermost 
layer  of  cells  named  the  Malpighian  layer  gets  nourished. 
The  cells  of  this  layer  grow,  repeatedly  divide,  and  supply  all 
the  cells  above.  This  Malpighian  layer  of  cells  contains  the 
pigment  or  colouring  matter  of  the  skin,  which  is  abundant  in 
coloured  races. 

The  Dermis,  in  contrast  to  the  epidermis,  is  fibrous,  not 
cellular  \ numerous  bundles  of  white  fibres,  among  which 
are  many  elastic  fibres,  cross  and  recross  to  form  a tough 
and  elastic  structure.  It  is  this  part  of  the  skin  in  animals 
which  becomes  tanned  into  leather.  The  lowest  portion  of 
the  dermis  is  looser  and  forms  a network  of  tissue,  in  which  is 
held  the  fatty  or  subcutaneous  tissue.  The  dermis  at  its 
upper  surface  is  raised  into  minute  elevations,  or  papillae, 
giving  an  undulating  character  to  the  skin.  In  the  palm  of 
the  hands  and  fingers  the  regular  arrangement  of  these  papilke 
produce  the  numerous  ridges.  At  the  tips  of  the  fingers  the 
patterns  of  these  ridges  are  so  distinctly  marked  that  they 
serve  for  identification  of  individuals.  Place  your  finger-tips 
on  some  printer’s  ink  and  make  a register  of  the  papillary 
ridges. 

Blood  vessels  and  nerves  are  very  numerous  in  the 
dermis ; they  pass  into  all  the  little  elevations,  and  the 
presence  of  the  nerve  endings  in  the  papillae  endows  the 
skin  with  the  sense  of  touch. 

The  hairs  and  nails  are  modified  epidermal  cells.  They 
are  not  endowed  with  blood  vessels  or  nerves  ; both  are  cut 
without  giving  blood  or  pain.  They  grow,  however,  like 
the  epidermal  cells,  from  sensitive  beds,  The  bed  upon 
which  a nail  rests  is  formed  of  ridges  of  vascular  and  sensi- 
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tive  tissue,  and  a Malpighian  layer  of  cells  supplies  the  growth 
of  the  nail.  The  nail  is  both  “ quick  and  dead 

Hairs  are  formed  of  cells  arranged  vertically.  They  are 
lodged  in  the  pits  or  follicles  in  the  skin.  Each  hair  grows 
from  a papilla  in  the  bottom  of  a follicle.  The  papilla 
is  vascular  and  also  sensitive.  Demonstrate  the  latter  by 
drawing  out  a hair  from  the  skin ; as  the  hair  root  leaves  the 
papilla  you  feel  pain. 

Pigment  matter  present  in  the  cells  gives  colour  to  the 
hair  ; the  change  to  grey  or  white  is  said  to  be  due  to  air 
getting  between  the  cells  in  the  hair  shaft.  In  many  hairs 
the  centre  is  occupied  by  loose  cells  forming  a pith  or  medulla. 
Hair  follicles  are  lined  with  soft  cells  belonging  to  the  Mal- 
pighian layer,  and  these  cells  also  line  small  glands  at  the  sides 
of  the  follicles,  sebaceous  or  fat-forming  glands.  The 
cells  of  the  sebaceous  glands  form  an  oily  or  fatty  matter,  which 
becomes  discharged  into  the  follicle  ; this  oily  matter  anoints 
the  hair,  helps  to  keep  the  skin  supple,  and  serves  as  a 
protection  against  the  action  of  irritating  substances.  Hairs 
are  said  sometimes  to  “ stand  on  end  ” in  the  case  of  fear ; 
or  the  effect  of  cold  at  times  will  cause  the  skin  to  crease, 
“ goose-skin,”  .and  the  hairs  to  pass  from  the  slanting  to  the 
erect  position.  The  explanation  is  that  some  muscle  fibres 
below  the  skin  and  connected  with  the  outside  of  the  follicles 
contract  under  nervous  influence,  and  cause  the  follicles 
to  be  lifted  up  a little ; the  hairs  become  erect,  and  the  skin 
creases. 

Sweat  Glands  are  the  important  excretory  structures  of  the 
skin.  They  are  widely  distributed  and  are  abundant  in  certain 
parts,  such  as  the  palms  of  the  hands,  soles  of  the  feet,  and  arm- 
pits.  Press  the  end  of  a finger  and  notice  on  the  ridges  tiny 
drops  of  sweat,  forming  rows  of  shining  drops.  These  points 
or  pores,  each  of  an  inch  in  diameter,  are  the  openings 
of  the  ducts  which  pass  cork-screw  fashion  through  the 
epidermis  into  the  dermis,  where  they  form  small  coils,  the 
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sweat  gland  proper,  The  total  length  of  a sweat  gland  is 
about  \ of  an  inch,  it  has  a lining  of  cells,  and  on  the  out- 
side a network  of  capillary  blood  vessels. 

The  number  of  sweat  glands  in  the  skin  has  been  estimated 
at  over  two  millions,  and  there  is  the  addition  of  sebaceous 
glands  which  make  up  probably  six  to  seven  millions,  a remark- 
able drainage  system  for  the  body. 

PERSPIRATION  is  a watery  fluid  containing  traces  of 
organic  matter,  mineral  salts,  and  carbon  dioxide  gas.  On  the 
surface  of  the  skin  it  is  usually  mixed  with  the  fatty  excretions 
of  the  sebaceous  glands.  Sweat  has  a characteristic  odour. 

EXCRETION  OF  SWEAT.  The  sweat  glands  are  always 
active,  but  the  excretion  usually  evaporates  from  the  surface  of 
the  skin  as  soon  as  it  is  formed.  This  is  named  insensible 
perspiration,  but  when  the  excretion  accumulates  on  the 
skin  it  is  named  sensible  perspiration  or  sweat,  Sweating 
usually  depends  upon  the  activity  of  the  cells  of  the  glands 
and  the  supply  of  blood  to  the  glands.  Cold  to  the  skin, 
acting  through  the  nerves  to  the  blood  vessels,  causes  the 
vessels  to  contract ; there  is  less  excretion  of  sweat.  Warmth 
externally  will  cause  a relaxation  of  the  blood  vessels,  and 
increased  activity  of  the  cells  and  free  sweating  follows. 
Other  conditions  will  influence  the  activity  of  the  sweat  glands, 
e.g.,  exercise,  fear,  pungent  things  in  the  mouth,  and  certain 
drugs. 

TEMPERATURE.  The  skin  whilst  performing  the  excre- 
tory function  of  getting  rid  of  waste  matters  from  the  system 
has  also  a regulating  function  to  perform  in  relation  to  the 
maintenance  of  a constant  temperature.  The  temperature 
of  the  body  in  health  is  98*6°  F.  or  370  C.  Test  it  by  placing 
a clinical  thermometer  under  the  tongue  or  in  the  armpit.  Ob- 
serve that  the  temperature  is  the  same  whether  the  day  be  cold 
or  hot ; if  you  feel  hot  or  cold  you  still  get  the  evidence  that 
the  actual  temperature  of  your  body  is  constant. 

Heat  is  being  constantly  produced  in  the  body,  and  as 
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frequently  lost.  When  you  exercise  the  muscles  you  feel 
warmer,  so  by  the  exercise  or  work  of  the  several  organs  of  the 
body  heat  is  produced.  In  doing  work  there  is  the  using  up 
of  food,  there  is  the  wasting  of  the  tissues,  and  all  this  means 
oxidation,  and  the  production  of  heat. 

Oxidation,  the  union  of  oxygen  with  other  elements  and 
compounds,  is  taking  place  all  over  the  body,  and  heat  is 
generated.  If  more  heat  is  produced  in  one  part  owing  to 
greater  activity  and  oxidation,  then  by  means  of  the  cir- 
culation it  is  speedily  distributed  to  other  parts.  More  heat 
produced  in  the  internal  organs  will  soon  find  its  way  to  the 
skin,  and  some  of  it  passes  off  by  radiation,  convection,  and 
evaporation.  The  food  we  take  has  to  be  warmed  to  the  tem- 
perature of  the  body  before  it  can  be  digested.  The  expired 
air  carries  off  heat,  and  heat  is  likewise  lost  from  the  body  by 
the  perspiration  and  by  the  urine. 

When  we  take  food  and  feel  warmer  there  is  really  more 
work  being  done  in  assimilating  it,  and  more  heat  produced, 
If  we  abstain  from  food  there  follows  less  activity  and  less 
heat  is  generated,  but  there  is  less  lost.  The  skin  largely 
controls  the  loss  of  heat,  and  maintains  the  constant  tempera- 
ture of  the  body.  We  aid  the  skin  to  conserve  the  heat  by  the 
use  of  suitable  clothing. 

The  objects  served  by  oxidation  are  to  produce  sources  of 
work  and  heat  in  the  system,  and  to  convert  the  waste  matters 
of  the  body  into  a condition  fit  for  excretion,  as  water  (H20), 
carbon  dioxide  (C02),  urea  (CON2H4),  by  the  lungs,  kidneys, 
and  skin. 


CHAPTER  XXV 


THE  ORGAN  OF  VOICE 

The  Larynx  or  organ  of  voice  is  essentially  a cartilaginous 
box  situated  at  the  top  of  the  trachea  and  connected  with  the 
root  of  the  tongue.  It  is  felt  at  the  front  of  the  throat  as  a 
prominence  named  Adam’s  apple.  To  follow  the  description 
of  the  structure  of  the  larynx  the  student  is  advised  to  procure 
a sheep’s  throttle  and  examine  the  parts  in  a fresh  condition. 
The  large  cartilage  bounding  the  front  of  the  larynx  is  the 
thyroid,  The  broad  front,  with  a median  prominence,  bends 
round  at  the  side  but  is  incomplete  behind.  The  back  is 
occupied  by  the  second  or  cricoid  cartilage,  This  has  the 
form  of  a signet  ring,  the  broad  portion  at  the  back  and  the 
narrow  portion  in  front.  The  large  thyroid  cartilage  articu- 
lates with  the  cricoid,  at  the  lower  end  and  back,  by  two 
small  horns  of  cartilage.  Two  small  horns  from  the  upper 
portion  of  the  sides  of  the  thyroid  connect  this  cartilage  with 
the  hyoid  bone  by  ligaments,  On  the  upper  edge  of  the 
broad  portion  of  the  cricoid  are  two  small,  triangular- shaped 
arytenoid  cartilages.  These  articulate  on  the  cricoid,  and 
can  rock  inwards,  outwards,  and  forwards  when  acted  upon  by 
certain  muscles. 

The  cricoid  cartilage  is  connected  with  the  first  ring  of  the 
trachea  by  membranous  tissue  similar  to  that  found  between 
successive  rings  of  the  trachea.  Between  the  front  of  the 
cricoid  and  the  thyroid  is  a ligament.  Within  the  front  upper 
portion  of  the  thyroid,  a piece  of  cartilage  shaped  like  an  oval 
leaf,  is  the  epiglottis.  It  has  a freedom  of  movement,  and  as 
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the  larynx  ascends  the  epiglottis  readily  closes  over  the  slit- 
like glottis  below. 

The  thyroid  and  cricoid  cartilages  form  the  front,  sides,  and 
back  of  the  larynx.  The  arytenoid  cartilages  have  bands  of 
elastic  tissue,  the  vocal  cords,  attached  to  their  anterior  end; 
these  bands  stretch  across  to  the  inside  of  the  thyroid,  that 
is,  across  the  air  passage  leading  from  the  trachea.  The 
whole  of  the  cartilages  of  the  larynx  on  the  inside  are  lined 
with  mucous  membrane  which  is  covered  with  ciliated  epi- 
thelial cells. 

From  the  arytenoid  cartilages  to  the  inside  of  the  thyroid 
are  muscles  running  close  alongside  of  the  vocal  cords. 
Other  muscles  are  found  at  the  back  and  sides  of  the  arytenoid. 
On  the  outside  of  the  cricoid  cartilage,  on  each  side  and  passing 
to  the  thyroid,  are  the  crico-thyroid  muscles. 

The  object  served  by  this  arrangement  of  cartilages  and 
muscles  is  to  act  on  the  vocal  cords  ; first  to  alter  their 
tension  across  the  air  passage  in  the  larynx,  next  to  bring 
them  close  together.  The  passage  is  V-shaped  when  air  is 
passing  freely,  but  when  voice  has  to  be  produced  the  arms  of 
the  V come  nearer  together.  Reference  to  the  several  figures 
will  make  the  structure  of  the  larynx  clear. 

Voice.  In  the  Stretched  and  parallel  condition,  the  vocal 
cords  are  set  vibrating  by  the  passage  of  air  from  the  lungs,  and 
sound  or  voice  is  produced.  If  the  sounds  produced  are 
regular  we  get  a musical  note,  and  the  high  or  low  note 
depends  upon  the  amount  of  stretching  or  tension  of  the  vocal 
cords.  Apart  from  the  particular  form  and  size  of  the  larynx 
giving  the  kind  of  voice,  the  question  of  range  and  accuracy  of 
pitch  will  depend  upon  training,  that  is,  in  gaining  control 
and  power  over  the  muscles  of  the  larynx. 

Speech.  After  the  sounds  have  been  produced  due  to  the 
vibration  of  the  vocal  cords,  constituting  voice,  they  have  to  be 
modified  or  modulated  to  form  speech.  The  parts  above  the 
larynx,  the  pharynx,  nose,  mouth,  tongue,  teeth,  and  lips  more 
10 
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Larynx  opened  from  behind 


Fig.  73. — Sketch  of  sheep’s  larynx  opened  from  behind  to  show  position 
of  the  cartilages  and  vocal  cords.  Separate  figures  of  the  cartilages 
and  two  conditions  of  the  glottis  are  given. 


FIG.  72. — PHOTOMICROGRAPH  OF  SKIN  TO  SHOW  EPIDERMAL  CELLS  AND 
MALPIGHIAN  CELLS  AT  THE  BASE.  A TACTILE  CORPUSCLE  IS  SHOWN  IN 
A PAPILLA  AND  AN  OVAL  OR  PACINIAN  BODY  IN  THE  DERMIS 
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or  less  alter  the  course  of  the  sounds  produced.  A large 
number  of  muscles  are  called  into  action  to  vary  the  shape  of 
the  chambers  above  the  larynx. 

When  the  pure  vowel  sounds  are  pronounced,  as  ah,  ay, 
e,  o (short),  oh,  oo,  there  is  a continuous  breath,  modified  by 
increasing  the  distance  from  the  throat  outwards,  and  by  an 
alteration  of  the  aperture  formed  at  the  open  lips.  In  the  case 
of  the  sounds  to  produce  the  consonants,  the  breath  escaping 
is  checked  by  the  action  of  the  tongue  and  lips  in  the  altered 
form  of  the  mouth  cavity.  The  consonants  are  classed  accord- 
ing to  the  parts  of  the  mouth  or  throat  called  into  play  for  their 
production. 
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THE  NERVOUS  SYSTEM 

The  Nervous  System,  including  the  brain  mass  within  the 
cranial  cavity,  and  the  spinal  cord  enclosed  by  the  vertebral 
canal,  with  nerves  given  off  from  both  parts,  make  up  the 
central  or  cerebro-spinal  system.  A second  system,  the 
Sympathetic,  includes  a double  chain  of  ganglia,  i.e.,  small 
collections  of  nervous  tissue,  connected  by  nerve  fibres  and 
giving  off  numerous  nerves  to  the  several  organs.  The 
sympathetic  system  is  composed  of  a chain  of  ganglia  on 
either  side  of  the  vertebral  column,  the  double  chain  reach- 
ing from  the  neck  to  the  bottom  of  the  abdomen.  The 
ganglia  have  also  fine  nerves  connecting  them  with  the 
nerves  from  the  spinal  cord. 

Nervous  tissue,  soft  and  pulpy,  is  made  up  of  nerve  cells 
and  nerve  fibres  supported  everywhere  by  a delicate  frame- 
work of  fine  connective  tissue  or  neuroglia.  Nerve  cells 
are  among  the  smallest  cells  found  in  the  body,  and  on  the 
other  hand  some  of  them  are  among  the  largest  cells  met  with 
in  the  body.  In  some  cases  plain  and  unbranched,  or  having 
one  or  two  branches,  but  generally  nerve  cells  are  much 
branched.  Take  a typical  nerve  cell  from  the  spinal  cord. 
It  is  large  with  a large  nucleus,  and  the  body  of  the  cell 
branches  until  it  forms  a perfect  network  of  dendrons.  In 
addition  to  the  branches,  each  cell  body  gives  off  a single 
process  named  an  axon.  This  may  become  clothed  with 
sheathes  and  remain  unbranched  until  it  reaches  its  destina- 
tion. A nerve  is  a fine  microscopic  fibre  about  ^Voth  of  an 
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inch  in  diameter,  but  a number  of  these  are  bound  together  to 
form  what  is  commonly  called  a nerve  ; such  may  be  seen  with 
the  naked  eye  in  dissecting  an  animal.  It  is  necessary  to  note 
the  structure  of  a single  fibre.  Running  through  the  centre 
is  a fine  thread  of  soft,  conducting  matter,  around  this  is  a 
sheath  of  whitish  substance,  and  outside  this  a very  thin, 
membranous  sheath,  The  outer  sheath  is  constricted  at 
intervals  and  gives  a kind  of  undulating  appearance  to  the 
fibre  ; inside  this  sheath  are  several  nuclei.  The  central  core 
is  the  axon  or  axis  cylinder,  the  whitish  sheath  the  medulla, 
and  the  outer  sheath  the  neurilemma.  This  is  known  as  a 
medullated  nerve  fibre,  but  there  are  also  nerve  fibres  with- 
out the  medullated  sheath,  and  these  are  known  as  non- 
medullated  fibres.  The  latter  branch  freely,  while  the  others, 
as  a rule,  do  not  branch. 

A nerve  centre  is  a collection  of  nerve  cells  and  nerve 
fibres.  The  grey  matter  of  the  brain  and  the  spinal  cord,  as 
well  as  the  numerous  ganglia,  being  composed  of  cells  and 
fibres,  form  nerve  centres.  The  white  matter  of  the  nervous 
system  is  made  up  of  nerve  fibres.  These  conduct  nervous 
impulses  to  and  from  the  centres.  The  centres  receive 
impulses,  originate  impulses,  change  and  transfer  impulses. 

Nervous  impulses  arise  from  some  form  of  stimulus  re- 
ceived on  a specialized  surface.  If  the  impulses  travel 
inward  to  a centre  they  are  afferent,  and  if  they  give  rise  to 
a sensation  they  are  also  sensory.  When  the  impulses 
travel  outward  from  a centre  they  are  efferent,  and  if  they 
give  rise  to  motion  by  causing  a muscle  to  contract  they  are 
also  named  motor.  Efferent  impulses  may  go  to  gland 
cells  and  awaken  secretion,  These  distinctions,  as  to  the 
functions  of  afferent  and  efferent  nerves  and  nerve  centres, 
are  important.  Another  consideration  is  that  when  nerve 
fibres  are  distributed  to  the  muscles,  to  the  skin,  or  to  the  organs 
of  the  senses,  for  example,  the  eye  or  the  ear,  they  have  special 
modified  terminations.  These  terminations  are  adapted  to 
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receive  the  particular  form  of  stimulus.  The  nerves  we 
speak  of  as  sensory  and  motor  are  alike  in  their  physical  and 
chemical  aspects,  but  act  differently  according  to  the  parts 


Fig.  74. — Nerve  cells  and  nerve  fibres  sketched  from  micro-preparations. 


with  which  they  are  connected,  on  the  one  hand  a centre 
that  gives  rise  to  a sensation,  and  on  the  other  hand  a 
structure  that  gives  rise  to  movement. 
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Many  things  are  continually  taking  place  in  our  bodies  due 
to  what  are  termed  Reflex  actions.  For  example,  suppose  a 
stimulus  gives  rise  to  an  impulse  which  travels  inward  by  an 
afferent  nerve  to  a nerve  centre,  and  the  nerve  centre  changes 
the  course  of  the  impulse,  causing  it  to  pass  by  an  efferent 
nerve  to  accomplish  some  end,  all  of  which  happens  without 
our  conscious  action,  we  say  it  is  reflex.  Breathing  is  due 
to  a series  of  reflex  actions.  We  are  conscious  of  the  move- 
ments during  our  waking  hours,  but  during  sleep  respiration  is 
still  carried  on. 

These  brief  explanations  of  structure  and  functions  of  nerve 
cells  and  nerve  fibres  will  prepare  the  way  for  a short  study  of 
the  brain  and  spinal  cord. 
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THE  NERVOUS  SYSTEM  ( Continued ) 

THE  BRAIN.  All  nervous  structures  contained  in  the 
cranial  cavity  are  usually  included  in  the  term  Brain.  For 
convenience  of  description  we  speak  of  the  largest  division  as 
the  Cerebrum  ; the  part  behind  and  under  the  hinder  part  of 
the  large  brain  as  the  Cerebellum,  or  little  brain  ; the  part 
below  this  as  the  Medulla  Oblongata  ; and  a division  in  front 
of  the  medulla  as  the  bridge  or  Pons  Varolii.  The  whole  mass 
in  the  human  subject  weighs  about  49  oz.  in  the  male,  and  in 
proportion  to  the  less  weight  of  body  in  the  female  about  44  to 
45  oz.  Many  cases  are  recorded  of  brains  which  have  been 
weighed  after  death,  in  which  this  average  has  been  exceeded 
by  several  ounces. 

It  is  through  the  brain  that  the  mind  carries  on  all  the 
mental  functions,  but  it  is  not  always  the  case  that  the  largest 
brain  mass  bespeaks  the  greatest  mind.  It  is  more  a question 
of  quality  than  of  quantity,  a smaller  brain  well  nourished 
and  developed  will  accomplish  more  than  a larger  brain  mass 
imperfectly  developed. 

The  Cerebrum.  This  division  of  the  brain  occupies  by 
far  the  greatest  space  in  the  cranial  cavity.  It  has  de- 
veloped to  so  great  an  extent  in  man  that  it  has  grown  back- 
wards and  forwards  as  to  cover  in  all  the  lower  parts.  This  is 
not  so  in  any  other  animal.  Looking  down  upon  the  human 
brain  we  see  no  other  division  but  the  cerebrum.  Not  only  is 
this  the  case,  but  the  convolutions  or  foldings  of  the  surface 
have  become  very  involved  and  greatly  developed  in  the 
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human  brain.  This  arrangement  of  convolutions  gives  a much 
enlarged  area  of  grey  substance  concerned  in  mental 
functions. 

A specimen  of  the  human  brain  may  not  be  available  for 
study,  but  to  become  acquainted  with  the  arrangement  and 
appearance  of  the  parts  included  in  the  brain  case,  much 


Fig.  75. — Vertical  median  section  of  skull  and  vertebral  column  to  show  the 
parts  of  the  brain  and  spinal  cord  in  situ. 


help  may  be  had  by  making  observations  on  the  brain  of  a 
sheep.  Procure  a sheep’s  head,  and  have  it  sawn  through  the 
bony  roof  of  the  skull  and  then  split  down  the  middle  line. 
Each  half  is  now  entire  and  observations  of  all  parts  can  be 
made. 

First,  observe  the  protections  for  the  soft,  nervous  sub- 
stance, the  bony  structure  is  thick  but  not  heavy,  lined  by  a 
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tough,  fibrous  membrane,  the  dura  mater.  This  membrane 
protects  against  the  sharp  and  rough  bone.  Lift  out  one-half 
of  the  brain  and  note  a number  of  white  nerves,  some  fine 
and  others  coarse,  passing  from  the  lower  surface  of  the 
brain  through  the  dura  mater,  and  at  the  hinder  part  of  the 
skull  through  the  bone  by  way  of  very  small  holes.  These  are 
bundles  of  nerves  going  to  parts  of  the  head.  From  the  under 
surface  at  the  anterior  end  of  the  cerebral  hemisphere,  a 


Fig.  76. — Human  brain.  Side  view  of  cerebrum  and  cerebellum  drawn 
to  show  a portion  of  the  upper  surface. 


thick,  soft,  greyish  lobe  passes  to  rest  against  the  bone,  separat- 
ing the  nasal  chambers  from  the  brain  case.  This  is  one  of 
the  olfactory  lobes,  which  gives  off  the  nerves  of  smell  to  the 
mucous  membrane  of  the  nose.  A little  way  behind  this 
lobe  will  be  seen  the  optic  nerve  rather  large,  proceeding 
through  a hole  to  the  orbit  of  the  eye.  By  placing  the  halves 
together  notice  a crossing  of  the  optic  nerves.  Next,  notice 
that  most  of  the  nerves  given  off  from  the  under  surface 
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come  from  the  part  named  the  medulla  oblongata.  Count 
the  number,  and  note  there  are  twelve  pairs  of  cranial  nerves. 

The  Cerebrum  is  divided  by  a great  longitudinal  division, 
or  fissure,  into  the  two  cerebral  hemispheres,  but  in  the 
section  it  will  be  seen  they  are  not  quite  separated,  being  held 
together  by  a mass  of  white  matter,  the  corpus  callosum,  near 
the  base  of  each  hemisphere.  The  hemispheres  are  sculptured 
on  the  exterior  by  winding  convolutions.  Covering  all  and 


Fig.  77. — Human  brain.  Vertical  median  section  showing  right  cerebral 
hemisphere,  section  of  cerebellum,  corpus  callosum,  optic  thalamus, 
corpus  striatum,  corpora  quadrigemina,  pons  varolii  and  medulla 
oblongata. 

dipping  into  the  furrows  between  the  convolutions  is  a delicate 
membrane,  the  pia  mater,  which  is  full  of  blood  vessels,  and 
is  the  medium  through  which  the  brain  tissues  obtain  nourish- 
ment. 

Cerebellum.  Below  the  hinder  lobes  of  the  cerebral  hemi- 
spheres is  seen  the  little  brain  or  Cerebellum.  Notice  the 
much  smaller  size  of  the  cerebellum.  Its  surface  is  folded  like 
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a series  of  plates  or  thick  leaves,  giving  a laminated  and 
not  a convoluted  appearance.  There  is  a deep  groove  partly 
separating  the  two  lobes  of  the  cerebellum,  and  the  pia  mater 
covers  the  whole.  The  vertical  section  through  the  cerebel- 


Longitudinal 

Fissure 


Fig.  78. — Human  brain.  Basal  view  showing  medulla,  pons  varolii,  optic 
tract  and  twelve  pairs  of  cranial  nerves  numbered  1 to  12. 

lum  displays  what  is  known  as  the  tree  of  life  or  Arbor- 
vitse.  It  has  a central  trunk,  branches,  and  twigs  of  white 
matter,  with  the  infolding  of  grey  matter  like  leaves,  giving 
a fancied  resemblance  to  the  parts  of  a tree.  The  cerebellum 
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is  connected  in  front  with  the  cerebrum,  and  behind  with 
the  spinal  cord,  whilst  midway  it  helps  to  form  a bridge  of 
whitish  matter,  the  Pons  Varolii. 

The  Medulla  Oblongata,  medulla  for  short,  is  about  one 
inch  of  white-looking  substance  directly  under  the  cerebellum 
and  behind  the  pons,  and  is  separated  from  the  latter  by  a 
groove.  It  is  roughly  the  size  and  shape  of  the  end  joint  of  a 
man’s  thumb,  broad  in  front  and  tapering  slightly  behind,  to  be 


Fig.  79. — Cells  from  the 
cortex  of  cerebrum. 
Sketched  from  micro- 
preparation. 


Fig.  80. — Granular  cells  and  cells  of  pur- 
kinje  from  cerebellum.  Sketched  from 
micro-preparation. 


continued  as  the  spinal  cord  in  the  vertebral  canal.  Observe 
the  nerves  given  off  from  the  under  surface,  and  where  cut 
it  has  a pinkish-grey  matter  within,  and  white  matter  on 
the  outside.  The  arrangement  of  the  white  and  grey 
matter  is  like  that  in  the  spinal  cord.  The  medulla  is  a 
most  important  part  of  the  nervous  system,  containing 
centres  for  breathing,  for  the  heart’s  action,  for  swallow- 
ing, for  the  control  of  the  blood  vessels,  and  other  functions. 
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Injury  to  the  medulla  causes  immediate  death.  Note  the 
medulla  is  situated  just  within  the  large  opening  of  the  skull  at 
the  top  of  the  vertebral  column,  and  the  tough,  fibrous,  dura 
mater  protects  it  from  direct  injury. 

The  Pons  Varolii  is  made  up  of  bundles  of  nerve  fibres 
from  the  cerebellum,  the  spinal  cord,  and  the  medulla.  It 
forms  a bridge  of  white  matter  anterior  to  the  medulla  and  at 
the  base  of  the  cerebrum.  It  serves  to  connect  part  of  the 
nervous  system  below  with  the  parts  above. 

Where  sections  have  been  made  in  the  cerebrum  and  cere- 
bellum, two  kinds  of  matter  have  been  noted  making  up  the  soft 
nervous  tissue.  These  are  spoken  of  as  grey  and  white,  and  have 
been  briefly  described  in  a former  chapter.  The  grey  matter 
comprises  a mass  of  remarkable  branching  cells  or  neurones, 
connected  in  very  complex  fashion  one  with  another,  and  by 
means  of  nerve  fibres  with  more  or  less  distinct  parts  of  the 
nervous  system.  The  white  matter  consists  chiefly  of  nerve 
fibres.  The  outer  portion  of  the  cerebral  cortex  contains  re- 
markable cell  structures.  These  cell  structures  receive  im- 
pulses from  and  send  out  impulses  to  distant  parts  of  the  body. 
Centres  for  sensation  and  for  movement  exist  in  the  cortex 
of  the  cerebrum.  Some  of  these  will  be  referred  to  after  the 
spinal  cord  has  been  described. 
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SPINAL  CORD 

THE  SPINAL  CORD.  The  spinal  cord  or  spinal  marrow 
is  an  elongated  mass  of  soft,  white-looking  substance  lodged  in 
the  vertebral  canal.  It  is  about  J of  an  inch  in  diameter,  reach- 
ing from  the  base  of  the  skull,  where  it  joins  the  medulla,  to  the 
second  lumbar  vertebra,  It  tapers  at  the  lower  end,  and  its 
covering  of  dura  mater  continues  as  a thread  which  is  attached 
lower  down  to  the  vertebral  canal  and  serves  to  steady  the  cord. 
The  spinal  cord  is  well  protected  by  the  vertebrae ; it  has  also  a 
sheath  of  dura  mater,  a tough,  fibrous  membrane  continued 
from  the  lining  of  the  brain  case.  Inside  the  dura  mater  and 
closely  adherent  to  the  cord  is  the  delicate,  vascular  pia 
mater  membrane.  Between  the  dura  mater  and  the  vertebrae 
there  is  a lodgment  of  loose  fat  which  serves  as  a padding. 

The  spinal  cord  gives  off  thirty-one  pairs  of  spinal 
nerves.  These  proceed  laterally,  and  leave  the  vertebral  canal 
by  the  intervertebral  openings  to  become  distributed  to  the 
skin  and  muscles  of  the  body.  At  the  neck  region  and  at  the 
lumbar  region  the  cord  is  slightly  enlarged — the  cervical  and 
lumbar  enlargements,  From  the  cervical  enlargement  a 
number  of  nerves  pass  off  to  supply  the  arms,  and  at  the  lumbar 
enlargement  a large  number  of  nerves  come  off  close  together, 
some  of  which  supply  the  lower  limbs. 

The  student  is  urged  to  procure  the  spinal  cord  of  a sheep 
and  make  direct  observations  for  himself,  as  all  descriptions 
must  appear  laboured  until  the  actual  object  is  seen  and 
handled.  Figs.  81,  82  will  serve  as  additional  aids  to  the  student 
in  making  an  examination  of  the  specimen. 
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Right  and  left  of  the  spinal  cord  a number  of  whitish 
threads  come  off  in  two  sets,  the  roots  of  spinal  nerves. 
The  set  towards  the  back,  the  posterior  roots,  converge  and 
join  with  an  anterior  set.  Together  these  roots  form  a bundle 
of  nerves,  and  the  bundle  passes  out  of  the  vertebral  canal  as  a 
spinal  nerve.  Immediately  before  the  union  of  anterior  and 
posterior  roots  a small  swelling  or  ganglion  is  seen  on  the 


Fig.  8i. — Spinal  cord  of  sheep  showing  spinal  nerves. 

posterior  roots.  In  this  manner  the  whole  of  the  thirty-one 
pairs  of  spinal  nerves  are  formed.  A spinal  nerve,  then,  is  not 
a nerve  in  the  sense  of  being  a single  fibre,  but  is  a bundle 
of  fibres  composed  of  anterior  and  posterior  roots  or  nerve 
fibres. 

In  the  dissection  of  a rabbit  the  distribution  of  the  spinal 
nerves  can  be  followed.  As  the  skin  is  laid  out  a number  of 


SPINAL  CORD 


161 


fine  white  threads,  nerves,  are  observed.  Also  in  the  loose 
connective  tissue  covering  the  muscles,  similar  threads  may  be 
seen.  In  a large  nerve  passing  to  the  shoulder,  or  in  one 
found  between  the  muscles  of  the  back  of  the  thigh,  the 
fraying  out  of  the  bundle  into  fibres  is  well  shown. 

Obtain  a fresh  piece  of  the  spinal  cord  of  a sheep  and  note 
the  following.  The  pia  mater  is  marked  along  one  side  by  a 
shallow  groove  with  a blood  vessel  in  it.  This  is  the  anterior 
fissure  which  partly  divides  the  cord,  and  on  the  opposite 
side  is  a fine  line  which  indicates  the  posterior  fissure,  In 
this  way  the  cord  is  partially  divided  into  right  and  left  sides, 
but  connected,  however,  by  a central  mass  of  matter  through 
which  runs  a very  narrow  canal.  When  the  cord  is  cut  clean 
across  it  presents  a pinkish-grey  coloured  substance  in  the 
central  part,  around  which  is  some  white  substance.  In  each 
half  of  the  cord  in  section  it  is  possible  to  notice  that  the  grey 
substance  has  the  form  of  a crescent  with  a broad  anterior 
horn  and  a narrow  posterior  horn,  In  a thin  section  of  the 
cord  prepared  and  examined  by  the  microscope  these  structures 
can  be  better  followed. 

If  the  observations  have  been  carefully  made,  the  student 
will  be  able  to  connect  the  several  parts  of  the  spinal  cord  and 
follow  the  explanation  of  their  function.  The  spinal  cord  has 
a number  of  posterior  roots  connected  with  the  posterior  horn 
of  grey  matter  and  a number  of  anterior  roots  connected  with 
the  anterior  horn  of  grey  matter.  The  posterior  roots  have, 
however,  first  a connexion  with  the  ganglion  of  the  posterior 
root  and  then  pass  to  the  grey  matter  of  the  cord,  whilst  the 
anterior  roots  proceed  from  the  large  branching  cells  of  the 
anterior  horn  outward.  The  two  sets  of  roots  unite  and 
leave -the  vertebral  canal  as  a spinal  nerve — a mixed  bundle  of 
posterior  and  anterior  fibres.  The  fibres  from  the  posterior 
roots  are  distributed  to  the  skin,  and  endow  the  skin  with  the 
sense  of  touch,  and  the  anterior  are  distributed  to  the  volun- 
tary muscles,  and  are  concerned  in  movement. 
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By  way  of  the  spinal  cord  the  posterior  and  anterior  nerve 
fibres  gain  communication  with  the  brain.  If  a stimulus, 
say  the  prick  of  a pin,  be  applied  to  the  leg,  it  is  felt  at  once. 
Now  follow  what  has  really  taken  place.  The  pin-prick  stimu- 
lates a nerve  ending  of  the  skin,  an  impulse,  i.e.,  some 
change  passing  along  a nerve,  proceeds  by  an  afferent  nerve 
belonging  to  the  posterior  roots  to  the  cord.  The  impulse 
is  conducted  along  the  cord  to  the  medullaand  finally  reaches 
the  cells  of  the  cortex  of  the  cerebrum.  The  impulse  on 
arrival  gives  rise  to  a sensation,  or,  as  in  the  case  under  con- 
sideration, we  become  conscious  of  pain  from  a pin-prick. 

Posterior  horn 


Fig.  82. — Transverse  section  of  spinal  cord.  Sketched  from 
micro-preparation. 

If  the  prick  is  severe  it  may  be  followed  immediately  by  a 
movement  of  the  leg.  In  this  case,  the  reception  of  the 
afferent  impulse  by  the  cerebrum  has  caused  certain  changes 
to  follow  in  the  cells  and  other  impulses  have  resulted. 
This  time  they  are  outward  or  efferent  impulses,  and  these 
travel  from  the  cerebrum  downward  by  way  of  the  medulla 
and  spinal  cord  to  the  anterior  horn  of  grey  matter  at  the 
level  where  they  pass  out.  The  impulses  now  leave  the  cord 
by  the  anterior  roots  and  proceed  by  the  spinal  nerves  to  the 
muscles  of  the  leg,  which  contract  and  movement  follows. 

As  a deduction  from  this,  all  of  which  has  been  demonstrated 
by  experiment  and  observation,  the  nerves  are  named  as 


FIG.  83. — TRANSVERSE  SECTION  OF  ANTERIOR  HORN  OF  GREY  MATTER  OF  SPINAL  CORD 
SHOWING  BRANCHING  NERVE  CELLS  AND  PASSAGE  OF  NERVE  FIBRES. 
PHOTOMICROGRAPH  X 250 
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follows  : those  connected  with  the  skin  convey  impulses  inward 
by  the  posterior  roots  of  a spinal  nerve,  they  are  therefore 
afferent,  and  when  the  impulses  awaken  sensation  they  are 
spoken  of  as  sensory.  On  the  other  hand,  impulses  travelling 
outward  by  the  anterior  roots  are  efferent,  and  if  movement 
follows  by  contraction  of  the  muscles  they  are  also  motor. 
The  terms  afferent  and  efferent  can  always  be  applied  for 
inward  and  outward  nervous  impulses;  but  the  terms 
sensory  and  motor  must  depend  upon  the  impulses  giving 
rise  to  sensation  or  motion  respectively.  For  example,  by  the 
sight  of  food  sometimes  there  is  an  increased  flow  of  saliva  into 
the  mouth.  In  this  case,  the  afferent  impulses,  by  way  of  the 
optic  nerve  of  the  eye,  have  been  changed  by  the  brain  cells 
into  efferent  impulses  which  go  to  the  salivary  glands  and  per- 
haps to  the  blood  vessels  of  the  glands,  causing  an  increase  of 
secretion,  The  impulses  outward  are  efferent  and  secretory, 
but  not  motor. 

The  spinal  cord  conducts  nervous  impulses  to  and  from 
the  brain  to  all  parts  of  the  body,  except  the  region  of  the  head. 
From  the  head  nervous  impulses  travel  direct  to  the  brain  by 
the  cranial  nerves,  and  from  the  brain  direct  to  the  muscles  of 
the  face.  The  spinal  cord,  besides  conducting  nervous  im- 
pulses to  and  from  the  brain,  acts  as  a nerve  centre  or  a 
series  of  nerve  centres,  All  the  impulses  passing  into  the 
spinal  cord  need  not,  and  do  not,  pass  to  the  brain  to  be 
changed  into  efferent  impulses.  This  can  be  shown  in  the 
case  of  a headless  frog  (the  frog  is  without  a brain  and  dead) ; 
if  the  toes  are  pinched,  the  legs  are  deliberately  drawn  up. 
If  the  thigh  be  touched  with  a drop  of  acid,  the  foot  of  the 
other  leg  goes  up  to  rub  off  the  acid.  These  acts  are  performed 
as  purposeful  and  as  natural  as  if.  the  animal  possessed  the 
head  and  brain.  The  spinal  cord  has  been  educated  to 
undertake  a large  number  of  acts  connected  with  the  well-being 
of  the  body,  without  the  brain  as  a rule  taking  part  in  their 
operation.  This  is  a great  advantage  to  us.  It  allows  the  mind 
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to  deal  with  the  higher  functions  of  thinking,  whilst  the 
nerve  centres  of  the  spinal  cord  discharge  subordinate  and 
instinctive  functions.  A familiar  illustration  of  this  function  of 
the  spinal  cord  is  the  act  of  reading  a book  and  taking  in  the 
meaning  of  the  subject-matter,  while  at  the  same  time  walking 
along  a road  ; the  mind  is  absorbed  in  the  reading,  but  all  the 
movements  of  walking  are  discharged  by  the  reflex  actions  of 
the  centres  in  the  cord.  The  mind  gives  attention  directly 
to  comparatively  few  of  the  numerous  complex  movements  of 
the  body.  They  are  mainly  performed  by  a series  of  reflexes 
discharged  by  nerve  centres  in  the  spinal  cord  and  other  parts 
of  the  nervous  system. 

Reflex  Action,  This  is  a power  possessed  by  a nerve 
centre  to  convert  afferent  into  efferent  impulses  without 
consciousness.  The  movements  of  the  organs  of  respiration, 
circulation,  and  digestion  are  reflex,  these  and  other  movements 
being  essential  to  the  maintenance  of  life.  Other  actions 
of  the  body  become  reflex,  that  is,  performed  reflexly  after 
more  or  less  of  practice.  The  movements  of  the  hand  and  arm 
in  the  act  of  writing  have  become  largely  reflex.  The  con- 
scious effort  at  first,  in  gaining  command  of  the  muscles  to 
direct  the  pen,  has  gradually  assumed  the  unconscious  con- 
dition, and  the  action  is  therefore  reflex,  The  conscious 
effort  manifest  in  learning  to  play  a musical  instrument  sooner 
or  later  becomes  more  or  less  unconscious  and  reflex.  The 
conscious  effort  involved  in  performing  any  new,  or  an  occa- 
sional act,  will  soon  become  easy  by  reflex  action  if  persisted 
in.  The  habits  of  the  body  are  the  result  of  conscious  efforts 
which  have  become  by  repetition  largely  reflex. 

This  power  and  adaptability  of  the  nervous  centres  in  re- 
gard to  reflex  action  has  an  importance  of  the  highest  value 
in  relation  to  mental  as  well  as  physical  education. 


FIG.  84. — TRANSVERSE  SECTION  OF  BUNDLES  OF  SPINAL  NERVE  FIBRES 
LEAVING  THE  CORD  (HUMAN).  PHOTOMICROGRAPH  X 200 


FIG.  85. — SPINAL  NERVE  FIBRES  LEAVING  THE  CORD  (HUMAN). 
PHOTOMICROGRAPH  X 200 
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SENSATION  AND  THE  SENSES 

Sensation  is  a state  of  consciousness  which  arises  in 
connexion  with  the  cerebrum.  When  that  which  we  call 
consciousness  or  sensation  arises  as  a result  of  afferent 
impulses  travelling  inward  to  the  brain  from  stimuli  derived 
from  external  objects,  we  speak  of  it  as  objective  sensation. 
If  the  stimulus  causing  the  impulse  cannot  be  directly  traced 
to  an  external  object,  but  arises  from  within,  the  sensation 
is  said  to  be  subjective.  Every  moment  of  our  waking  life 
we  are  experiencing  numberless  sensations,  sensations  different 
in  kind  and  from  different  parts  of  the  body.  Some  of  these  are 
well  defined  and  their  source  located.  We  see,  we  hear,  or 
we  touch  a thing,  and  the  eye,  the  ear,  and  the  skin  are  re- 
spectively engaged  in  seeing,  hearing,  and  touching.  On  the 
other  hand  we  have  sensations  of  hunger,  thirst,  fatigue,  comfort, 
or  discomfort,  and  many  others  that  we  do  not  distinctly  locate, 
being  ill-defined  sensations  both  in  nature  and  place  of 
origin.  They  arise  from  conditions  of  the  body,  the  circulation, 
or  other  more  or  less  obscure  causes.  From  such  considera- 
tions, sensations  more  or  less  defined,  such  as  touch,  taste, 
smell,  sight,  hearing,  are  usually  said  to  belong  to  the  special 
senses.  These,  however,  vary  in  certain  features,  and  in  the 
nature  of  the  stimuli  causing  the  sensations.  The  sensations 
known  as  pressure  and  muscular  sensations,  the  sensations  of 
hot  and  cold,  as  well  as  the  sensations  of  pain,  are  more  general 
in  character,  and  less  well  defined. 

The  conditions  necessary  to  sensation  may  be  recognized 
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from  what  has  been  already  explained  as  (i)  a surface  to 
receive  the  particular  stimulus,  (2)  a nerve  or  nerves  to  con- 
duct the  impulses  arising  from  the  stimulus,  (3)  a nerve  centre 
to  receive  and  translate  the  impulse,  The  surfaces  to  re- 
ceive the  stimulus  must  be  nerve  endings  and  adapted  to  take 
up  the  particular  form  of  stimuli,  These  really  constitute 
the  sense  organs.  The  eye  is  a sense  organ  specially  adapted 
to  take  up  stimuli  arising  from  vibrations  of  light.  It  will 
not  avail  for  light  stimuli  to  fall  on  the  sense  organ,  the  ear. 
If  sound  waves  fall  on  the  taste  organ  of  the  tongue,  they  will 
not  give  rise  to  the  sensation  of  sound.  Not  only  is  each  sense 
organ  subject  to  its  particular  or  special  form  of  stimulus  ; but 
when  the  impulse  arises  at  the  central  organ,  the  brain,  it  will 
be  interpreted  as  coming  from  that  particular  sense  organ.  The 
organs  of  special  sense  are  further  considered  in  another 
chapter.  In  addition  to  the  five  senses  a sixth  sense  may  be 
well  recognized. 

Muscular  Sense,  The  sensations  experienced  from  re- 
sistance to  effort  may  be  included  in  a sixth  or  muscular  sense. 
Much  valuable  information  is  gathered  by  means  of  the  muscu- 
lar sense.  It  informs  us  regarding  the  amount  of  effort  re- 
quired to  perform  certain  work.  It  enables  us  to  form  judg- 
ments in  relation  to  the  control  of  the  muscles.  By  carefully 
comparing  the  sensations  derived  from  the  muscular  sense  we 
gain  appreciation  of  relative  weights.  The  condition  or  tone 
of  the  muscular  tissue  becomes  evident  by  means  of  the  muscu- 
lar sense.  Like  the  other  senses,  the  muscular  sense  becomes 
of  increasing  value  as  it  is  systematically  developed. 
The  recognition  of  very  slight  differences  in  weight  between 
the  various  articles  handled  becomes  developed  to  a valuable 
degree  through  the  muscular  sense.  In  the  case  of  the  muscu- 
lar sense  it  will  be  readily  recognized  that  there  are  practically 
three  sensations  combined,  namely,  contact,  pressure,  re- 
sistance. This  can  be  shown  by  a simple  experiment  by 
placing  a card  on  the  palm  when  the  back  of  the  hand  is  rest- 
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ing  on  the  table.  Contact  of  the  card  is  first  felt.  Now  place 
a weight  on  the  card  ; a second  sensation  of  pressure  is  felt. 
If  now  the  hand  be  raised  bearing  the  card  and  weight,  a third 
sensation  of  resistance  is  felt,  in  which  the  muscles  of  the  arm 
are  concerned.  This,  then,  is  the  sensation  arising  from  the 
amount  of  contraction  required  to  overcome  the  weight  or 
resistance, 

TEMPERATURE  SENSATIONS.  The  sensations  arising 
from  differences  in  temperature  are  largely  due  to  conditions 
of  the  skin.  Hot  and  cold  are  relative  terms. 

The  skin  at  times  is  nearly  as  warm  as  the  blood  temperature, 
but  often  it  is  many  degrees  lower.  The  exposed  skin  loses 
heat  by  radiation  and  evaporation,  and  also  by  contact  with 
colder  objects  ; but  the  blood  temperature,  as  already  ex- 
plained, is  constant.  The  quantity  of  blood  circulating  in 
the  vessels  of  the  skin  varies,  and  there  is  the  feeling  of 
warmth  or  cold  accordingly.  If  the  skin  has  a free  supply  of 
blood  circulating  in  it,  a moderately  warm  substance  will  feel 
warmer  probably  than  it  really  is.  If  the  skin  has  less  warm 
blood  circulating  in  it,  then  bodies  touched  will  feel  colder 
than  they  really  are.  It  has  been  determined  by  experiments 
of  applying  hot  and  cold  points  to  parts  of  the  body,  say  the 
hand  and  arm,  that  there  are  spots  which  respond  directly  to 
heat,  and  others,  distinct  from  the  first,  that  respond  immedi- 
ately to  cold.  Test  the  palm  of  your  hand,  by  applying  care- 
fully the  point  of  a pencil  or  bone  needle  that  has  been  cooled 
in  ice  water  to  different  parts  of  the  skin  and  note  the  sensa- 
tions of  cold  as  they  are  felt.  They  become  very  strong  in 
some  places.  Next,  test  for  hot  spots,  by  warming  the  bone 
needle  in  hot  water.  Make  a map  of  the  areas  such  experi- 
ments indicate.  Such  experiments  suggest  the  presence  of 
distinct  nerves  for  carrying  temperature  sensations.  This 
is  likewise  the  case  also  in  relation  to  the  sensations  of  pain 
and  pressure. 
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Touch,  The  sense  of  touch  is  connected  with  the  whole 
of  the  skin  covering  the  body,  and  it  is  not  absent  from  the 
internal  surface  ; the  lips  and  mouth  parts  evidently  possess 
the  sense  of  touch.  The  nerves  supplying  the  skin  are 
very  numerous,  and  they  terminate  in  several  ways.  Large 
numbers  end  as  very  fine  fibres  among  the  cells  at  the  base 
of  the  epidermis,  others  in  oval  and  in  rounded  bodies 
deeper  in  the  skin  and  in  limited  parts  of  the  body,  while  those 
that  are  recognized  as  more  particularly  engaged  in  the  sense 
of  touch  terminate  in  many  of  the  papillae  of  the  dermis, 
The  papillae  are  small  elevations  of  the  dermis,  within  which 
are  minute  oval  bodies,  about  of  an  inch  in  diameter, 
named  touch  or  tactile  corpuscles.  In  the  midst  of  the 
tissue  forming  the  tactile  corpuscles  are  the  axis  cylinders 
of  nerves,  and  covering  the  papillae  enclosing  these  are  the 
cells  of  the  epidermis.  When  an  object  is  touched,  the  nerve 
ending  is  stimulated  through  the  epidermal  cells  ; if  the 
nerve  be  stimulated  directly,  the  sensation  of  pain  is  felt, 
and  not  that  of  touch.  The  stimulus  gives  rise  to  an  impulse 
which  travels  along  afferent  nerves  by  the  posterior  roots  of 
a spinal  nerve  to  the  spinal  cord,  onward  to  nerve  centres  in 
the  cerebrum,  and  there  gives  rise  to  the  sensation  of  touch. 
As  regards  this  sense  of  touch  there  is  a marked  difference  to 
be  noted  in  the  sensitiveness  of  certain  parts  of  the  skin. 
The  tip  of  the  tongue  is  nearly  twice  as  sensitive  as  the  end  of 
the  forefinger,  and  the  end  of  the  forefinger  is  twice  as  sensitive 
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FIG.  86. — PHOTOMICROGRAPH  OF  S'-:  IN  TO  SHOW  EPIDERMAL  CELLS  AND 
MALPIGHIAN  CELLS  AT  THE  BASE.  A TACTILE  CORPUSCLE  IS  SHOWN  IN 
A PAPILLA  AND  AN  OVAL  OR  PACINIAN  BODY  IN  THE  DERMIS 
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as  the  lower  lip.  Again  the  palm  of  the  hand  has  double  the 
sensitiveness  of  the  back  of  the  hand. 

Take  a pen-nib  and  press  against  the  points  until  the  tip  of 
the  tongue  can  distinguish  two  points ; measure,  then  apply  the 
two  points  to  the  lower  lip.  You  will  find  that  the  spread  of 
the  points  must  be  increased  in  order  to  distinguish  two  points. 
Measure  and  test  the  forefinger  in  the  same  way.  It  will  be 
advisable  for  the  operator  to  use  a long,  pointed,  flexible  nib, 
and  the  person  tested  should  sit  quietly  with  eyes  closed  during 
the  test. 

The  varying  sensitiveness  to  touch  of  different  parts  of 
the  skin  is  largely  due  to  the  number  of  touch  corpuscles 
present  in  the  papillae  of  the  skin.  The  sensitiveness  to  touch 
will  also  depend  upon  the  thickness  of  the  epidermis.  The 
hands  of  the  manual  worker  become  hard  as  the  epidermis 
thickens  and  the  delicacy  of  touch  is  diminished.  On  the  other 
hand  clever  manipulators  of  musical  and  other  instruments  have 
an  advantage  in  possessing  a thinner  epidermis.  Again, 
the  question  of  temperature  of  the  skin  is  a factor  in  its  sensi- 
tiveness to  touch,  cold  making  it  less  so,  while  numbness  does 
away  with  the  sense  of  touch  altogether  for  the  time  being.  By 
proper  care  of  the  skin  its  value  as  a sense  organ  will  be  greatly 
increased.  The  sense  of  touch  is  largely  aided  by  the  eyes  ; 
to  see  an  object  as  well  as  to  touch  it  adds  greatly  to  the  informa- 
tion gained.  lest  yourself  by  keeping  the  eyes  closed  and 
having  a strange  object  placed  in  your  hands.  Write  down  all 
you  gather  by  the  sense  of  touch,  and  after  compare  it  with  the 
information  gained  by  the  addition  of  the  sense  of  sight. 


CHAPTER  XXXI 

THE  SENSES  ( Continued X) 

TASTE  AND  SMELL.  These  two  sense  organs  are  located 
near  one  another,  the  mouth  and  nose  ; and  often  enough  what 
we  speak  of  as  flavours  are  strictly  odours,  affecting  the  nose 
rather  than  the  mouth.  In  such  cases  the  sense  of  smell  is 
stimulated  by  particles  of  odour  passing  from  the  mouth  to  the 
nose  by  the  passages  at  the  back  of  the  nose.  A disagreeable 
substance  is  taken  into  the  mouth,  the  nose  held,  and  we  don’t 
taste  it.  The  holding  of  the  nose  is  really  holding  the  breath, 
and  you  save  yourself  from  inhaling  the  odour  of  the  substance. 
There  is  a blending  as  it  were  of  the  sense  of  taste  and  the 
sense  of  smell,  although  the  parts  concerned  are  distinct. 

TASTE.  The  mucous  membrane  of  the  mouth  contains 
nerves  of  touch,  as  well  as  nerves  of  taste.  On  the  upper 
surface  of  the  tongue  the  mucous  membrane  has  numerous 
projections  known  as  papillae.  One  form  of  papilla  is  scattered 
over  the  whole  surface  of  the  tongue ; these  have  fine  thread- 
like projections,  are  named  filiform  papillae,  and  are  largely 
concerned  in  the  sense  of  touch.  The  roughness  of  the 
tongue  is  due  to  the  filiform  papillae,  and  in  the  cat  and  like 
animals  they  develop  into  a strongly  horny  character,  and 
serve  to  take  up  licjuids  and  solid  food  as  well  as  being  useful 
in  combing  the  fur.  Two  other  kinds  of  papillae  are  seen  on 
the  tongue,  a number  with  broad  tops,  the  fungiform,  like 
minute  mushrooms  scattered  in  the  midst  of  the  filiform.  Then 
a limited  number  of  large  ones,  with  broad  tops  entrenched  by 
walls, the circumvallate  papillae.  These  are  arranged  like>  at 
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the  back  of  the  tongue.  Projecting  from  the  sides  of  the  fungi- 
form and  circumvallate  papillae  are  tapering  cells  with  fine 
hair-like  processes,  arranged  in  packets,  like  minute  barrels  ; 
these  form  the  taste  buds. 

How  we  taste.  The  nerves  of  taste  have  connexion  with 
the  hair  cells  of  the  taste  buds.  Around  these  papillae  with 
taste  buds  is  the  liquid  secretion  of  the  mouth  ; and  when 
things  are  tasted  it  is  due  to  some  ot  the  flavouring  sub- 
stance becoming  dissolved  in  this  liquid.  The  flavour 
then  stimulates  the  ends  of  the  projecting  cells  and  impulses 


Stratified  EpUheJium 


Nerve  Fibres 


Fig.  87. — Sketch  from  micro-prepara- 
tion of  a circumvallate  papilla 
showing  taste  buds  and  nerve  supply 
(semi-diagrammatic). 

proceed  along  the  nerves  to  the  brain,  and  we  taste.  Dry 
substances  do  not  affect  the  nerves ; and  when  the  mouth  is 
dry  we  are  unable  to  taste.  All  parts  of  the  tongue  do  not 
taste  alike.  The  front  portion  of  the  tongue  is  more  sen- 
sitive to  sweet  flavours,  whilst  the  back  is  sensitive  to  bitters. 
The  tongue  is  sensitive  to  remarkably  small  quantities  of 
sweet,  bitter,  acid,  and  salt  flavours.  These  may  be  regarded 
as  fundamental  flavours  affecting  the  sense  of  taste.  Wine 
tasters  and  tea  tasters  not  only  taste  but  smell,  and  their 
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judgments  are  formed  by  a combination  of  flavours  and  odours. 
The  nerves  concerned  in  the  sense  of  taste  are  the  glosso- 
pharyngeal supplying  the  taste  buds,  and  the  fifth  cranial  nerve 
which  supplies  branches  to  the  front  part  of  the  tongue. 

SMELL.  This  sense  is  associated  with  the  nasal  chambers. 
The  nose  is  divided  into  the  two  chambers  by  a septum  or 
partition,  bone  at  the  back  and  cartilage  at  the  front.  The 
completion  of  the  bridge  of  the  nose  to  the  front  is  also  of 
cartilage.  Examine  the  interior  of  the  nose  of  a sheep,  and 
observe  the  scroll-like,  turbinated  bones  arranged  one  above 
the  other  in  each  chamber,  and  all  parts  covered  by  a highly 


F,g.  89. — Vertical  section  of  nasal  chamber  to  show  olfactory  lobe  and 
its  nerve  fibres.  See  also  Figs.  75,  76,  77,  78. 

vascular,  soft,  moist  mucous  membrane.  Over  the  lower 
portions  of  this  membrane  the  air  passing  to  the  lungs  is 
warmed,  and  also  filtered  of  the  numerous  particles  of  dust. 
The  cells  are  ciliated  here  like  those  found  in  the  rest  of  the 
respiratory  track.  Whilst  this  provision  is  made  in  the  lower 
part,  the  upper  portion  of  the  chamber  has  a special  thick- 
ening of  the  mucous  membrane,  and  the  cells  are  different. 
They  are  long  and  slender,  and  project  slightly  from  the 
surface  in  very  fine  projections,  and  these  are  surrounded  by 
the  secretions  of  the  membrane.  In  the  mucous  membrane 
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are  to  be  found  numerous  fine  nerves,  which  are  derived  from 
the  olfactory  lobes  and  pass  through  the  perforated  plate  of 
ethmoid  bone  to  reach  the  olfactory  mucous  membrane. 

This  specialized  mucous  membrane  is  the  region  of  the 
nose  where  smell  takes  place.  When  particles  of  odours  emanat- 
ing from  substances  are  inhaled,  they  come  in  contact  with 
this  moist  membrane,  and  become  dissolved,  and  in  this 
condition  stimulate  the  nerves  of  smell.  If  the  membrane 
be  dry  we  do  not  smell  well,  and  in  the  case  of  excessive 
secretion  smell  is  interfered  with.  In  the  latter  case  the  particles 
may  get  washed  away,  or  the  conditions  causing  the  running  at  the 
nose  may  dull  the  nerves  of  smell. 

The  act  of  sniffing,  to  appreciate  odours  better,  draws  the 
air  in  the  nasal  chambers  out  at  the  back,  whilst  the  fresh  air 
laden  with  the  particles  of  odour  ascends  into  the  olfactory 
region  of  the  nose.  The  sense  of  smell  in  certain  animals  is 
very  acute;  not  only  are  they  capable  of  determining  a variety 
of  odours  but  also  are  endowed  with  remarkable  power  in  detect- 
ing almost  inconceivably  small  traces  of  odours.  Man  trusts 
more  to  the  sense  of  vision  than  to  that  of  smell,  the  result 
being  in  the  main  due  to  a special  cultivation  of  the  former  to 
the  neglect  of  the  latter  sense. 
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THE  ORGAN  OF  VISION 

The  Eyeballs  are  lodged  in  cavities,  the  orbits,  well  pro- 
tected at  the  back  and  sides  by  the  bony  walls  of  the  skull, 
and  in  front  by  the  eyelids.  The  orbits  are  lined  by  more  or 
less  of  fat,  forming  a soft  bed  upon  which  the  eyeballs  turn. 

It  will  materially  aid  to  a clear  following  of  any  further 
description  if  the  student  will  have  before  him  a sheep’s 
head  in  order  to  examine  the  eyes  in  their  sockets,  and  also 
two  bullock’s  eyes  for  dissection.  Assuming  the  specimens 
have  been  procured,  proceed  to  make  the  following  observa- 
tions. 

The  Eyelids  have  a covering  of  skin  on  the  outside,  and 
within  they  are  lined  by  a whitish  membrane,  the  conjunctiva  ; 
this  also  covers  the  white  of  the  eyeball  up  to  the  margin  of 
the  transparent  cornea.  The  conjunctiva  is  a highly  sensi- 
tive and  vascular  membrane.  The  sensitiveness  of  this 
membrane  is  recognized  when  a small  object  enters  the  eye, 
and  its  vascular  character  is  seen  in  the  case  of  a blood-shot 
eye.  The  upper  lid  is  the  larger,  and  the  meeting  of  the  lids 
perfectly  excludes  light  from  entering  the  pupil  of  the  eye. 
Between  the  skin  and  lining  membrane  of  the  lids  is  some 
fibrous  and  muscular  tissue  by  which  the  lids  are  applied 
closely  to  the  front  of  the  eyeball.  The  eyelids  are  opened 
and  closed  by  muscular  action.  Just  within  the  eyelashes, 
at  the  margin  of  the  lids,  may  be  seen  the  openings  of  the 
meibomian  glands,  which  are  lodged  in  the  lids.  These 
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glands  secrete  an  oily  substance,  which  prevents  the  margins 
of  the  lids  from  adhering,  and  also  protects  the  lids  against 
irritating  substances. 

Within  the  eye  orbit  at  the  upper  and  outer  corner  is 
situated  the  lachrymal  or  tear  gland,  It  is  an  oval,  lobulated 
gland  with  several  ducts.  The  secretion  of  the  gland  is 
constant,  and  as  it  flows  from  the  ducts  it  passes  over  the 
front  of  the  eye  into  the  inner  corner.  The  lachrymal  secre- 
tion enters  the  lachrymal  duct  and  is  discharged  into  the 
nasal  chamber.  When  the  lachrymal  secretion  is  excessive  it 
becomes  evident  as  tears.  The  nerve  supply  to  the  gland  is 
freely  influenced  by  certain  mental  conditions.  The  move- 
ments of  the  eyelids  in  winking  assist  the  action  of  the 
lachrymal  secretion  in  washing  and  polishing  the  cornea  of 
the  eye. 

By  removal  of  the  anterior  margin  of  the  orbit  the  sheep’s 
eyeball  will  be  better  exposed.  The  ocular  muscles  are 
attached  by  broad  tendons  to  the  anterior  portion  of  the  outer 
coat  of  the  eyeball.  The  red  muscles  appear  to  enclose  the 
posterior  portion  of  the  eyeball,  their  origin,  except  one,  being 
around  the  entrance  of  the  optic  nerve  at  the  back  of  the 
orbit.  There  are  six  ocular  muscles,  four  straight  or 
recti  muscles,  and  two  oblique.  The  many  and  varied 
movements  of  the  eyeball  are  produced  by  the  action  of 
these  muscles. 

COATS  OF  THE  EYEBALL.  The  outermost  covering  is 
formed  by  the  cornea,  the  anterior,  transparent  portion,  and  the 
sides  and  back  by  the  opaque  sclerotic.  The  sclerotic  portion 
of  the  outer  coat  is  strong,  fibrous,  and  thick.  It  is  well  adapted 
to  protect  the  more  delicate  parts  within  and  to  give  attach- 
ment to  the  ocular  muscles.  The  cornea  is  composed  of 
many  layers  of  fibres  and  cells,  making  it  relatively  thick  and 
strong.  The  cornea,  like  a watch-glass  in  form,  has  become 
transparent  to  admit  rays  of  light  passing  to  the  interior. 

On  cutting  through  at  the  junction  of  the  cornea  and 
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sclerotic  some  watery  fluid  escapes ; this  is  the  aqueous 
humour.  It  is  lodged  in  a space  between  the  cornea  in  front 
and  the  iris  behind. 

The  second  coat  of  the  eyeball  lines  the  sclerotic  posteri- 
orly as  the  choroid  which  is  continued  in  front  as  the  iris. 
The  iris  or  the  coloured  portion  is  like  a circular  curtain  with 
an  opening  in  the  centre,  the  pupil  of  the  eye  ; it  hangs  in 
front  of  the  crystalline  lens,  Both  the  choroid  and  iris  have 
a framework  of  connective  tissue  containing  much  dark  pig- 
ment and  a free  supply  of  blood  vessels.  The  choroid  in  its 


front  portion  is  thickened  and  folded,  the  folds  forming  what 
are  known  as  the  ciliary  processes. 

By  the  colour  of  the  eye  is  meant  the  colour  of  the  iris, 
Grey  or  blue  eyes  owe  their  colour  not  to  these  coloured  pig- 
ments but  to  the  varying  amount  of  dark- coloured  pigment 
showing  through  the  other  structures  of  the  iris.  In  dark 
eyes  the  dark  pigment  is  more  abundant  and  in  lighter  coloured 
eyes  it  is  less  abundant. 

Around  the  pupil  of  the  eye  there  are  plain  muscle  fibres 
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supplied  with  nerves.  Under  strong  light  or  on  looking  at 
a near  object,  the  muscle  fibres  contract  and  narrow  the 
pupil.  On  the  other  hand,  on  looking  at  a distant  object  or 
in  a dim  light  the  pupil  widens.  The  form  of  the  pupil  in 
the  eye  of  the  cat  or  the  sheep  is  unlike  that  in  the  human  eye. 

Crystalline  Lens.  After  cutting  away  the  cornea,  keeping 
the  cut  part  uppermost,  the  iris  and  its  junction  with  the 
choroid  is  seen,  and  behind  the  iris,  seen  through  the  pupil,  is 
the  crystalline  lens.  If  the  iris  be  now  cut  away  and  a little 


Fig.  91. — Sectional  view  of  eyeball  showing  coats,  position  of  lens, 
entrance  of  optic  nerve,  eyelids  with  conjunctiva  dotted  in  and 
anterior  portion  of  retina  shown  detached. 

pressure  at  the  sides  of  the  eyeball  be  made,  the  lens  will  be- 
come pressed  up,  but  does  not  fall  out  readily.  The  lens  is 
held  by  a very  delicate,  suspensory  structure  at  the  margin, 
which  passes  back  over  the  ciliary  folds  of  the  choroid.  Re- 
move the  lens ; it  has  a crystal-like  transparency,  double 
convex  in  form,  and  is  elastic  to  the  touch.  The  greater 
convexity  is  behind,  where  it  rests  against  the  jelly-like, 
vitreous  humour.  Place  the  lens  on  some  print ; the  letters 
show  larger,  thus  demonstrating  the  power  of  a biconvex  lens 
to  magnify. 

12 
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The  vitreous  humour  fills  the  interior  of  the  eyeball.  It  is 
jelly-like  in  nature,  clear  as  a crystal,  and  pervaded  by  a delicate 
hyaloid  membrane. 

The  Retina.  The  third  coat  of  the  eyeball,  the  retina,  is 

found  between  the  vitreous  humour  and  the  choroid,  and  it  lines 
the  latter  for  about  three-fourths  of  its  posterior  surface.  It 
will  now  be  better,  with  a sharp  knife  or  razor,  to  cut  across  a 
fresh  specimen  a little  behind  the  junction  of  the  cornea  and 
sclerotic  coat.  Turn  the  posterior  part  over  and  get  out  the 
vitreous  humour;  when  this  is  out  a pinkish-white,  gelatin- 
ous membrane  will  be  seen.  It  comes  readily  away  from  the 

Ciliary 
Processes 

Iris 
Pupil 


Fig.  92. — Posterior  view  of  irife,  ciliary  processes  of  choroid  coat  and 
distribution  of  blood  vessels. 

inside  of  the  choroid,  except  at  one  point.  This  point  will 
be  seen  to  be  the  entrance  of  the  large  optic  nerve  at  the  back. 
This  is  the  sensitive  coat  of  the  eyeball,  the  retina. 

A convenient  way  of  observing  the  inner  coat  is  to  slice  off 
about  one-third  of  the  anterior  part  of  a bullock’s  eye  with  a sharp 
razor,  leaving  the  vitreous  humour  in  position  in  both  parts. 
Observe  through  the  vitreous  humour  the  thin,  opaque,  pinkish- 
white  retinal  membrane  with  a number  of  branching  blood 
vessels  lying  against  the  dark  choroid  coat.  At  the  anterior 
portion  note  the  wavy  edge  of  the  retina  where  it  ends  at 


FIG.  94. — PHOTOMICROGRAPH  OF  A PORTION  OF  THE  RETINA  OF  THE 
EYE  OF  A FROG  SHOWING  NUCLEAR  LAYERS,  GRANULAR  LAYERS, 
RODS  AND  CONES  AND  RETINAL  PIGMENT.  X 450 
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the  hinder  margins  of  the  ciliary  processes.  Also  observe  the 
crystalline  lens  in  position,  and  looking  through  the  lens  the 
aperture  or  pupil  of  the  iris  is  seen. 

The  retina  of  the  eyeball  is  of  remarkable  structure  and  re- 
quires high  powers  of  the  microscope  to  reveal  the  details.  When 
carefully  fixed,  hardened,  and  cut  in  very  thin  sections,  it  is 
shown  to  be  made  up  of  layers  of  nerve  fibres  derived  from 
the  optic  nerve,  large  and  small  nerve  cells  with  elaborate 
branchings  and  specially  modified  epithelial  cells  forming 
the  layer  known  as  rods  and  cones,  and  at  the  ends  of  the  rods 
the  retinal  pigment  cells. 


Fig.  95. — Diagram  to  illustrate  the  formation  of  image  on  the  retina. 


The  optic  nerve,  like  a white  cord,  is  about  | in.  in  diameter. 
It  passes  from  the  base  of  the  brain  to  enter  an  opening  at  the 
back  of  the  orbit ; it  continues  for  a short  distance  surrounded 
by  the  fatty  tissue  and  optic  muscles,  then  pierces  the  sclerotic 
and  choroid,  and  spreads  out  to  form  that  portion  of  the  retina 
against  the  vitreous  humour,  whilst  the  portion  of  the  retina 
composed  . of  the  rods  and  cones  is  near  the  choroid. 

The  Ciliary  Muscle.  A structure  of  great  importance  is  found 
within  the  sclerotic  coat  at  its  junction  with  the  cornea.  It  is 
a circular  band  of  greyish  appearance,  composed  of  radiating 
muscle  fibres  which  pass  backward  and  become  inserted  into 
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the  choroid  coat.  These  fibres  form  the  ciliary  muscle,  or 
the  muscle  of  accommodation,  The  fibres  of  this  muscle  are 
also  connected  with  the  suspensory  ligament,  which  radiates 
from  the  margin  of  the  crystalline  lens.  When  the  ciliary  muscle 
contracts  it  draws  forward  very  slightly  the  choroid  coat  and 
relaxes  the  suspensory  ligament,  and  the  lens  becomes  more 
convex  in  front.  When  the  muscle  ceases  to  contract  the 
choroid  coat  goes  back,  the  suspensory  ligament  is  tightened, 
and  the  lens  becomes  slightly  compressed,  that  is,  less 
convex.  In  these  two  conditions  of  the  lens  the  eye  is  said  to 
be  accommodated,  first,  for  seeing  near  objects  distinctly  and 
in  the  second  condition  for  seeing  distant  objects  distinctly.  It 
is  important  to  keep  in  view  the  facts  already  gathered  regarding 
the  crystalline  lens.  It  is  of  elastic  nature  ; it  is  biconvex  in 
form  ; it  is  subject  to  pressure  which  can  alter  its  convexity. 

The  Biconvex  Lens.  Take  a biconvex  lens,  i.e.,  a lens  thick 
in  the  centre  and  thin  at  the  margin,  such  as  an  ordinary  reading- 
glass,  hold  it  before  a lighted  candle  in  a darkened  room  and 
let  the  image  formed  fall  on  a screen.  You  will  observe  that  the 
rays  of  light  from  the  candle  passing  through  the  lens  are  bent 
inwards  or  converged,  forming  the  meeting  point  of  the  rays 
or  the  focus.  The  distance  from  the  centre  of  the  lens  to  the 
focus  is  the  focal  distance  of  the  particular  lens.  Take 
another  lens  still  thicker  in  the  central  part,  use  it  in  the  same 
way  Place  the  lens  the  same  distance  from  the  candle,  but  in 
order  to  get  the  rays  of  light  brought  to  a focus  the  screen  must 
be  placed  nearer  the  lens.  From  these  experiments  we  gather 
that  when  the  convexity  of  the  lens  is  increased  nearer  objects 
are  focused  ; when  a lens  of  less  convexity  is  used  more  distant 
objects  come  to  a focus.  To  apply  this  teaching  to  the  eye: 
The  retina  is  the  screen  and  it  is  fixed.  The  crystalline 
lens  is  biconvex ; it  can  therefore  converge  rays  of  light  and 
bring  them  to  a focus  a certain  distance  behind  the  lens,  say 
on  the  retina.  At  the  moment,  say  you  are  looking  at  a distant 
church  and  it  is  seen  clearly.  Now  turn  the  eyes  to  look  at  the 
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face  of  a watch  and  the  time  is  distinctly  seen.  To  see  two  ob- 
jects, distant  and  near,  distinctly  through  the  same  lens  without 
an  alteration  of  the  convexity,  or  the  position  of  the  lens, 
is  disproved  by  the  above  simple  experiment  of  using  lenses  of 
different  thicknesses  to  get  a focus  from  the  candle  flame. 

What  has  taken  place  in  the  lens  of  the  eye  in  looking  at  a 
distant  object  and  then  turning  to  a near  one  and  seeing  it 
distinctly,  is  the  increase  of  convexity,  the  lens  becoming 
thicker.  This  can  be  shown  to  be  due  to  the  contraction  of  the 
circular  band  of  ciliary  muscle  bringing  forward,  slightly,  the 
choroid  coat,  and  relaxing  the  suspensory  ligament ; the  tension 
on  the  front  of  the  elastic  crystalline  lens  is  less  and  it  becomes 
more  convex.  Again,  immediately  the  eye  is  turned  away  from 
the  near  object  to  a distant  one  the  former  conditions  of  the 
choroid  coat,  ciliary  muscle,  and  suspensory  ligament  are  re- 
sumed, and  the  tension  on  the  front  of  the  lens  is  greater  and 
it  is  accommodated  for  the  distant  object. 

Another  property  of  a biconvex  lens  may  be  gathered  from 
the  experiment  of  the  lighted  candle.  When  the  lens  is  held  in 
a position  to  secure  a distinct  image  of  the  flame  on  the  screen, 
it  is  noted  that  the  image  is  upside  down  or  inverted.  It  is 
hard  to  believe  that  we  see  objects  upside  down,  still  we  cannot 
get  behind  the  fact  that  objects  focused  with  biconvex  lenses 
are  inverted.  The  crystalline  lens  of  the  eye  is  no  exception 
to  this  teaching.  Get  direct  proof  of  this  by  taking  the  lens 
from  a fresh  bullock’s  eye,  give  it  support,  place  a small  screen 
of  tissue  paper  close  behind  the  eye,  and  a small,  illuminated 
object  in  front.  Now  darken  the  surroundings  and  look  for 
the  inverted  image  of  the  object  on  the  screen.  Or  take  the 
eye  of  an  animal,  thin  down  with  a sharp  knife  or  razor  the  back 
of  the  eyeball,  that  is,  remove  the  thick  sclerotic  coat  sufficiently 
to  see  the  image  of  an  object  focused  on  the  retina.  The  image 
is  an  inverted  one. 

The  brain  interprets  the  rays  of  light  as  they  are  focused  in 
numerous  small  cones  coming  from  all  points  of  an  object, 
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as  really  coming  from  these  points  and  making  up  the 
sensation  arising  from  an  external  object.  The  brain  takes 
no  notice  of  the  position  of  the  object  on  the  retina ; it 
simply  becomes  aware  of  the  presence  of  an  external  object 
by  the  stimuli  of  rays  of  light  falling  on  the  retina.  The 
stimuli  cause  impulses  to  travel  by  the  optic  nerve  to  the 
brain,  and  there  produce  the  sensation  arising  from  an  ex- 
ternal object.  The  retina  has  been  always  accustomed  to 
receive  stimuli  by  rays  of  light  falling  on  its  upper  or  lower  por- 
tions, its  right  or  left  sides,  and  the  brain  has  always  received 
the  consequent  sensation,  and  external  objects  are  not  inverted 
to  the  brain’s  visual  sensation, 

LIGHT.  We  have  several  times  referred  to  rays  of  light,  and 
we  are  accustomed  to  represent  them  by  so  many  straight  or 


Fig.  96. — Diagram  to  illustrate  accommodation  of  the  eye  for 
distant  objects. 

converging  lines.  The  study  of  the  nature  of  light  and  its  be- 
haviour must  be  made  elsewhere.  We  can  only  note  for  our 
purpose  that  light  is  regarded  as  the  vibration  of  a medium 
named  ether  which  occupies  all  space  and  pervades  all 
matter.  This  ether  is  set  vibrating  by  the  movement  of 
particles  of  matter,  and  when  it  vibrates  at  an  exceedingly  high 
rate  it  affects  the  structures  connected  with  the  optic 
nerve.  Impulses  are  set  up,  and  as  they  reach  the  brain  we 
become  conscious  of  what  we  call  light.  The  retina  then 
is  a kind  of  highly  sensitive  curtain  spread  out  on  the  inside  of 
the  back  of  the  eyeball,  partly  formed  by  a spreading  out  of  the 
fibres  of  the  optic  nerve  and  nerve  cells,  and  partly  by  specially 
modified  structures  known  as  rods  and  cones. 
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The  retina  is  sensitive  to  rays  of  light  focused  upon  its  sur- 
face; but  all  parts  of  it  are  not  alike  sensitive.  At  one 
part,  a spot  in  a line  with  the  optic  axis  of  the  eye,  i.e.,  a 
line  passing  through  the  centre  of  the  lens  on  to  the  retina,  the 
retinal  structures  are  specially  sensitive  to  rays  of  light. 
This  part  is  named  the  yellow  spot,  In  the  centre  of  the 
yellow  spot  the  retina  becomes  very  thin,  and  apparently  all 
the  structures  are  absent  except  the  cones.  Objects  focused 
on  this  part  of  the  retina  are  most  distinctly  seen.  The 
rods  and  cones  serve  as  end  organs  for  the  nervous  structures 
of  the  retina.  Rays  of  light  falling  on  the  retina  affect  these 
first,  they  receive  the  stimuli,  and  the  impulses  resulting  are 
carried  by  the  fibres  of  the  optic  nerve  to  the  brain. 

The  Blind  Spot.  At  the  entrance  of  the  optic  nerve  through 


Fig.  97. — Diagram  to  show  forward  position  of  choroid  coat  and  increased 
convexity  of  the  crystalline  lens  for  near  objects. 

the  sclerotic  and  choroid  coats  at  the  back  of  the  eyeball,  it 
spreads  out  in  thousands  of  the  finest  nerve  fibres  to  form  the 
anterior  portion  of  the  retinal  structures.  Posterior  to 
these  fibres  are  the  rods  and  cones.  If  an  image  formed  by 
rays  of  light  from  an  external  object  fall  upon  the  entrance  of 
the  optic  nerve,  it  is  not  seen.  Although  the  spot  is  full  of 
nerve  fibres  and  nerve  cells,  it  can  be  proved  to  be  non- 
sensitive to  rays  of  light  falling  upon  it.  It  is  blind  to 
images  of  objects,  and  has  been  named  the  blind  spot. 
Ordinarily  images  do  not  fall  on  this  part  of  the  retina,  because 
we  have  formed  the  habit  of  moving  the  eyes  in  order  to 
secure  a distinct  image  of  the  object  looked  at.  Further,  in 
following  moving  objects  the  images  so  rapidly  pass  over  these 
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spots  in  the  eyes  that  we  do  not  notice  the  presence  of  the 
blind  spot. 

By  a very  familiar  experiment,  and  by  using  one  eye 
instead  of  two,  the  blind  spot  in  the  eye  can  be  demon- 
strated. Take  a card,  and  on  it  place  two  marks,  say  a cross 
and  a dot,  about  3 in.  apart,  the  cross  on  the  left.  Now 
close  the  left  eye  and  look  with  the  right  eye  on  the  cross. 
Begin  by  holding  the  card  10  to  12  in.  from  the  eye  and 
gradually  move  the  card  towards  the  eye.  Note  at  what  dis- 
tances the  dot  disappears  and  reappears  in  the^field  of  vision. 
It  can  be  shown  that  when  the  dot  disappears  it  has  been 
focused  on  the  entrance  of  the  optic  nerve,  which  is  non-sen- 
sitive to  rays  of  light.  When  the  image  of  the  dot  passes  the 
optic  nerve,  and  rests  upon  another  portion  of  the  retina,  it  is 
seen  again.  The  nerve  fibres  require  end  organs  in  the  form 
of  rods  and  cones  to  be  sensitive  to  rays  of  light.  Just  as  the 
other  senses  require  special  endings  to  the  nerves  to  become 
stimulated  and  give  rise  to  the  particular  sensation. 

Accessory  structures  to  the  retina.  The  eyeball  has 
been  compared  to  a photographic  camera,  and  the  comparison 
is  followed  readily.  The  retina  is  like  a sensitive  plate 
spread  out  in  a curve,  not  flat,  at  the  back  of  a dark 
chamber,  provided  by  the  pigment  of  the  choroid  coat.  The 
lens  is  fixed  at  a certain  distance  from  the  retina,  but  the  con- 
vexity of  the  lens  can  be  increased  or  decreased,  and  near  or 
distant  objects  can  be  clearly  focused  on  the  retina.  This  com- 
pensates for  the  need  of  lenses  of  different  thicknesses  or  focal 
distances.  If  one  lens  be  used  in  a camera  it  must  be  capable  of 
being  racked  in  and  out,  nearer  or  more  distant  from  the  object 
and  screen.  This  condition  is  effected  in  the  eye  by  altering 
the  convexity  of  the  elastic  crystalline  lens.  Besides  the  chief 
refracting  structure  of  the  eye  in  the  shape  of  a biconvex  lens, 
there  is  the  addition  of  a convex  cornea  and  vitreous  humour 
both  slightly  refractive  in  function.  The  photographic  camera 
is  provided  with  a diaphragm  or  stops.  The  diaphragm  used 
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nowadays  is  the  iris  diaphragm.  The  pattern  and  use  is  well 
represented  in  the  circular,  muscular  curtain  of  the  eye, 
the  iris,  hanging  in  front  of  the  crystalline  lens.  This  like  the 
camera  diaphragm  is  acted  on  to  regulate  the  amount  of  light 
that  shall  pass  through  the  lens  and  to  cut  off  a large  number 
of  the  outside  rays,  and  thereby  getting  a clearer,  sharper  image 
on  the  sensitive  plate. 


CHAPTER  XXXIII 


THE  ORGAN  OF  HEARING 

Like  the  eye,  the  organ  of  hearing  contributes  largely  to  our 
mental  storehouse,  but  the  eye  takes  in  a more  extensive  field 
of  knowledge  than  the  ear.  Like  the  eye  the  structure  of  the 
ear  is  complicated,  and  a detailed  study  cannot  be  undertaken 
at  this  stage.  The  ears  are  situated,  as  far  as  the  more  obvious 
parts  are  concerned,  one  on  either  side  of  the  head,  but  strictly 
speaking,  the  real  organ  of  hearing  is  out  of  sight,  being 
lodged  in  the  deepest  portion  of  the  temporal  bone.  For  con- 
venience of  description  three  divisions  are  considered  in 
order : the  external,  middle,  and  internal  ear. 

The  external  ear  includes  the  appendage  at  the  side  of  the 
head,  and  the  canal  leading  down  to  the  drum.  The  expansion 
at  the  side  is  the  pinna  ; it  has  a stiffening  of  cartilage,  irregular 
in  shape,  which  is  covered  with  skin.  The  lobe  at  the  base  is 
without  cartilage,  and  contains  fat.  It  is  not  very  sensitive 
and  stands  piercing  without  much  inconvenience.  The  front 
of  the  pinna  shows  depressions  and  projections,  and  small  tufts 
of  hair  are  situated  partly  across  the  entrance  to  the  canal.  The 
pinna  does  not  always  assume  the  same  position  ; in  some  persons 
it  is  flat  against  the  side  of  the  head,  and  in  others  it  stands 
prominently  out,  being  apparently  in  a better  position  for  catch- 
ing sound  waves. 

Certain  small  muscles  are  found  associated  with  the  ex- 
ternal ears,  which  in  some  individuals  can  be  made  to  move  the 
pinnae.  Man  has  largely  lost  this  power  of  movement,  which  is 
so  conspicuous  and  useful  in  some  lower  animals.  The  waves 
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of  sound  are  collected  and  directed  into  the  external  auditory 
canal.  This  canal,  about  1 in.  in  length,  has  a curved 
direction  and  is  slightly  narrower  in  the  middle  than  at  either 
end.  This  explains  why  such  things  as  peas  and  beans  which 
children  sometimes  pass  into  this  part  of  the  ear  are  difficult  to 
extract  when  once  they  have  passed  the  narrow  portion  of  the 
canal.  The  hairs  found  at  the  entrance,  to  the  external  ear 
afford  a protection  against  insects  entering,  and  a further  pro- 
tection in  this  respect  is  offered  by  the  presence  of  a number 


Fig.  98. — View  of  the  external,  middle  and  internal  divisions  of  the  ear. 

of  glands  found  in  the  external  auditory  canal  which  excrete  a 
wax  of  a bitter  taste. 

At  the  inner  end  of  the  external  auditory  canal  is  the 
tympanic  membrane  or  drum  of  the  ear.  This  is  a thin, 
skin-like  membrane  containing  blood  vessels,  and  it  is  stretched 
obliquely  across  the  bottom  of  the  canal.  On  the  other  side 
of  the  drum  is  the  cavity  known  as  the  tympanum  or  middle 
ear. 
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The  middle  ear  or  tympanic  cavity  ; think  of  this  as 
an  excavation  in  the  deep  portion  of  the  temporal  bone  with 
a communication  from  the  pharynx  and  a small  oval  opening 
into  the  internal  portion  of  the  ear.  The  middle  ear  is  lined 
with  mucous  membrane,  which  is  continuous  with  the  lining 
of  the  eustachian  tube  which  opens  into  the  pharynx.  The 
opening  of  this  tube  into  the  pharynx  is  closed  except  in  the 
act  of  swallowing.  A cold  in  the  head  often  affects  the  mem- 


Fig.  gg.- — Drum  of  the  ear  from  inside  showing  position  of  hammer, 
anvil  and  stirrup  bones. 

brane  lining  the  eustachian  tube  and  causes  temporary  deaf- 
ness. The  oval  window  opening  into  the  internal  ear  is 
covered  by  a thin  membrane  against  which  the  plate  of  the 
stirrup  bone  is  attached.  Stretched  across  the  cavity  of  the 
middle  ear  from  the  inside  of  the  drum  to  the  oval  window  are 
three  small  bones,  named  malleus,  incus,  stapes,  from  their 
resemblance  to  the  hammer,  the  anvil,  and  the  stirrup.  The 
handle  of  the  hammer  bone  is  attached  to  the  inside  of  the 
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drum  and  moves  with  it,  the  head  of  the  hammer  articulates 
with  the  top  of  the  anvil  bone,  and  the  longer  leg  of  the  anvil 
articulates  with  the  stirrup  bone,  which  is  set  at  right  angles  to 
the  anvil,  and  the  foot  of  the  stirrup  fits  against  the  oval 
window.  These  small  bones  have  minute  muscles  to  act 
upon  them  to  regulate  their  movements. 

The  internal  ear.  Inside  the  oval  window  is  the  third 
division  or  internal  ear.  It  consists  of  a series  of  excava- 
tions in  the  deepest  portion  of  the  temporal  bone,  having  an 
entrance  chamber  or  vestibule,  three  semicircular  canals, 
and  a spiral  shell  or  cochlea.  The  semicircular  canals  at 


Fig.  ioo. — Internal  ear.  Bony  labyrinth  showing  vestibule,  semicircular 
canals  and  cochlea. 

their  openings  into  the  vestibule  enlarge  and  the  swellings  are 
known  as  ampullae.  At  the  base  of  the  cochlea  is  a round 
window  opening  into  the  middle  ear.  This  like  the  oval 
window  is  closed  by  a thin  membrane. 

The  bony  divisions  of  the  internal  ear  are  occupied  by  mem- 
branous bags  drawn  out,  as  it  were,  to  follow  the  shapes  of 
the  bony  portions.  The  membranous  arrangement  is  named 
the  membranous  labyrinth  ; it  contains  a fluid  endolymph 
and  floats  in  a fluid  named  perilymph.  The  membranous 
portion  of  the  labyrinth  in  the  spiral  cochlea  forms  a middle 
canal  bounded  by  the  bony  walls  on  two  sides  and  forming  two 
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other  canals.  In  this  way  the  bony  cochlea  has  three 
divisions  named  scalae  or  staircases,  The  middle  scala 
or  cochlear  canal  has  a membrane  for  its  roof  and  a mem- 
brane for  its  floor.  On  the  floor  or  basilar  membrane  are 
arranged  remarkably  modified  cells  forming  the  organ  of 
Corti.  A branch  of  the  auditory  nerve  from  the  brain 
terminates  among  these  cells  of  Corti.  In  the  ampullae  of  the 


Cochlear 

canal 


Scala 

Tympani 

Fig.  ioi. — Sketch  from  micro-preparation  of  a vertical  section  of  cochlea 
showing  divisions  into  scalae. 


semicircular  canals  and  in  parts  of  the  membranous  bag  con- 
tained in  the  vestibule,  the  epithelial  cells  terminate  in  hair- 
like projections  and  auditory  nerves  pass  to  these  cells. 

This  brief  description  of  the  very  complex  organ  of  hearing, 
together  with  the  several  figures  accompanying  this  chapter,  will 
enable  the  student  to  follow  the  outline  of  the  functions  of  the 
part  concerned. 
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How  we  hear,  Sound  vibrations  passing  from  sonorous 
bodies  proceed  as  a series  of  air  waves  to  the  external  ear. 
These  are  collected  and  reflected  by  the  expanded  pinna  to 
the  external  auditory  canal.  The  stretched  membrane  or 
drum  at  the  lower  end  of  the  canal  takes  up  the  vibrations  and 
sets  in  motion  the  three  small  bones  of  the  middle  ear.  The 
foot  of  the  stirrup  bone  now  presses  against  the  membrane  of 
the  oval  window  and  the  perilymph  is  set  in  motion,  which 
motion  affects  the  membranous  labyrinth,  and  the  contained 
endolymph  is  set  in  motion.  As  the  endolymph  moves  over 


Fig.  102. — Sketch  of  micro-preparation  to  show  highly  magnified  view 
of  basilar  membrane  and  cells  of  corti. 


the  modified  cells  of  the  organ  of  Corti,  the  stimulus  causes 
the  auditory  nerve  fibres  to  be  affected,  and  the  impulses  are 
carried  to  the  auditory  centre  of  the  brain  and  we  hear  or 
have  the  sensation  of  sounds. 

Whilst  the  true  sense  of  hearing  is  attributed  to  the  organ  of 
Corti  contained  in  the  cochlear  canal,  the  other  sensitive  epi- 
thelial surfaces  also  become  affected.  The  particular  part  these 
play  cannot  with  certainty  be  stated.  The  semicircular  canals 
are  set  at  right  angles  one  to  the  other.  They  contain  endo- 
lymph, which  moves  over  modified  epithelial  surfaces.  As  the 
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head  moves,  or  the  body  as  a whole  changes  its  position,  the 
fluid  in  the  semicircular  canals  will  move  accordingly  and  in 
doing  so  affect  the  nerve  endings.  It  is  probable  that  through 
the  medium  of  the  semicircular  canals  we  recognize  our  posi- 
tion in  space.  The  co-ordination  of  the  muscles  and  the 
maintenance  of  equilibrium  in  connexion  with  the  brain  is 
in  some  way  influenced  through  this  part  of  the  internal  ear. 


APPENDIX 

METRIC  SYSTEM 

The  unit  of  length  is  the  metre,  of  volume  the  litre,  and  of 
weight  the  gramme. 

Multiples  of  these  have  Greek  prefixes,  deca  (io  times), 
hecto  (ioo  times),  kilo  (1000  times). 

Fractions  have  the  Latin  prefixes,  deci  (one-tenth),  cent 
(one-hundredth),  milli  (one-thousandth). 

One  cubic  centimetre  (c.c.)  of  water  at  the  temperature  of  its 
maximum  density  (=4°  C.)  weighs  one  gramme.  For  practical 
purposes  1 c.c.  of  water  may  be  taken  to  weigh  1 grm.  at  ordinary 
temperatures. 

A Litre  of  water  (1000  c.c.)  therefore  weighs  1000  grm.,  or  1 kg. 

Abbreviations  : Cubic  centimetre  = c.c. 

Gramme  = grm. 

Milligram  = mg. 


EQUIVALENTS 

1 metre  = 39'37  in. ; 1 ft.  = 0*304  metre  ; 1 in.  = 2*54  cm. 

1 litre  = 61*03  cub.  in.  = 1*76  pt.  ; 1 c.c.  = 0*061  cub.  in. 

1 gramme  = 15*43  gr*  1 1 gr.  = *0648  grm. ; 1 cub.  in.  = 
16*386  c.c. 

1 ounce  (avoir.)  = 28*35  grm. ; (apoth.)  = 31*1  grm. 

1 pound  (avoir.)  = 453*6  grm. ; (apoth.)  = 373*2  grm.  ; 1 lb. 
(avoir.)  = 7000  gr. 

1 kilogramme  = 2*2046  lb.  (avoir.). 


THERMOMETERS 


Fahrenheit : freezing  point  320 ; boiling  point 
Centigrade:  „ „ o°;  „ „ 

To  convert  F.  0 into  C. 0 and  vice  versa : — 
(F.°  — 32°)  * 5 _ £ o C.°  x 9 ^2C 


2120  F. 
ioo0  C. 

= F.° 


13 


9 
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TABLE  OF  ATOMIC  WEIGHTS  OF  THE  COMMON 
ELEMENTS.  [1909] 


Element 

Symbol 

At.  we 

Aluminium 

A1 

27 

Antimony 

Sb  (Stibium) 

120 

Arsenic 

As 

75 

Barium 

Ba 

137 

Bismuth 

Bi 

208 

Boron 

B 

11 

Bromine 

Br 

79 '9 

Cadmium 

Cd 

112 

Calcium 

Ca 

40 

Carbon 

C 

12 

Chlorine 

Cl 

35  ’5 

Chromium 

Cr 

52 

Cobalt 

Co 

58*9 

Copper 

Cu  (Cuprum) 

63 ’5 

Fluorine 

F 

19 

Gold 

Au  (Aurum) 

197*2 

Hydrogen 

H 

1 

Iodine 

I 

126-9 

Iron 

Fe  (Ferrum) 

55*8 

Lead 

Pb  (Plumbum) 

207 

Magnesium 

Mg 

24’3 

Manganese 

Mn 

54'9 

Mercury 

Hg  (Hydrargyrum) 

200 

Nickel 

Ni 

58*6 

Nitrogen 

N 

14 

Oxygen 

0 

16 

Phosphorus 

P 

3i 

Platinum 

Pt 

195 

Potassium 

K (Kalium) 

39 

Silicon 

Si 

28*2 

Silver 

Ag  (Argentum) 

107*8 

Sodium 

Na  (Natrium) 

23 

Sulphur 

S 

32 

Tin 

Sn  (Stannum) 

119 

Zinc 

Zn 

REAGENTS 

65*3 

Trommer’s  Test  (for  sugars).  To  a solution  of  say,  grape- 
sugar,  add  solutions  of  copper  sulphate  (CuS045H0)  and  potash 
(KOH)  or  soda  (NaOH)  = Trommer’s  solution.  Boil  this  deep 
blue  solution  and  a yellow  or  red  precipitate  of  copper  oxide 
(Cu20)  is  obtained. 
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Millon’s  Reagent.  Dissolve  i part  of  mercury  in  2 parts  of 
nitric  acid  (HN03),  first  at  ordinary  temperature,  then  with  the 
aid  of  heat.  When  dissolved,  add  twice  its  volume  of  water  and 
decant  from  any  sediment.  Test  for  Proteids.  When  sub- 
stances containing  proteid  are  boiled  with  this  reagent,  a red 
coloration  or  precipitate  is  produced. 

Xanthoproteic  Test  for  Proteids.  To  the  solution  con- 
taining proteid,  add  strong  nitric  acid  and  boil  = yellow  colora- 
tion. Cool,  then  carefully  add  excess  of  ammonia  (NH4OH) 
= orange  coloration. 

Iodine  Solution  (I  in  KI).  To  a one  per  cent  solution  of 
potassium  iodide  add  a few  crystals  of  iodine  until  a sherry-wine 
tint  is  produced. 

Of  the  common  reagents,  the  following  strengths  are  con- 
veniently used 

Alkalies. 


Ammonium  hydrate  (ammonia),  NH4OH,  10  per  cent  in  water. 
Sodium  hydrate  (caustic  soda),  NaOH,  5 per  cent  in  water. 
Potassium  hydrate  (caustic  potash),  KOH,  5 per  cent  in  water. 

Aoids. 

Strong  Sulphuric  (H2S04),  Nitric  (HN03),  Hydrochloric  (HC1), 
and  Acetic  (CH3COOH),  or  glacial  acetic  acid,  that  is,  solid  at  0 C. 
10  per  cent  Sulphuric  = pour  1 vol.  strong  into  18  vols.  water. 
10  per  cent  Nitric  = 1 vol.  acid  and  6 of  water. 


5 per  cent  Hydrochloric 
Acetic  acid,  6 per  cent 
Ammonium  oxalate 
Ammonium  molybdate 
Barium  chloride  . 
Copper  sulphate  . 
Ferric  (iron)  chloride 
Lead  acetate 
Mercuric  chloride 
Potassium  ferrocyanide 
Sodium  carbonate 
Silver  nitrate 


= 1 vol.  acid  and  6 of  water. 

5 per  cent  in  water. 

5 >» 

10  „ 

5 
5 
5 

5 » 

5 
5 

5 >> 


Lime-water  = a saturated  solution  of  calcium  hydrate,  Ca(OH) 


GLOSSARY 


Acid  ( acidus  = sour,  tart) ; acids  are  compounds  of  hydrogen  in 
which  the  hydrogen  can  be  replaced  by  a metal,  or  can,  with  a 
basic  metallic  oxide,  form  a salt  of  that  metal  and  water.  Acid 
oxides  of  the  same  element  are  distinguished  as  -ous  and  -ic  (as 


sulphurous  and  sulphuric),  the  latter  containing  the  more  oxygen. 
When  the  hydrogen  is  replaced  by  a metal,  the  salts  formed  are 
distinguished  by  the  terminations  -ite  and  -ate  respectively.  Acids 
which  arc  soluble  in  water,  redden  blue  litmus  and  have  a sour 

Albuminoids  are  chemical  substances  found  in  animal  and 
vegetable  tissues.  They  contain  C,  H,  O,  N,  and  S,  and  may  be 
divided  into  (i)  albumens  ; (2)  globulins  (e.g.,  globulin,  myosin, 
fibrinogen) ; (3)  derived  albumens  (e.g.,  acid  and  alkali  albumens 
or  albuminates  as  casein)  ; (4)  fibrin  (fibrin  and  gluten)  , (5)  coagu 
lated  proteids  (coagulated  albumen). 

Alkali.  The  alkalies  are  strong  basic  compounds,  capable  ol 
neutralizing  acids,  so  that  the  salts  formed  are  either  completely 
neutral,  or,  if  the  acid  is  weak,  give  alkaline  reactions  Alkalis 
turn  reddened  or  neutral  litmus  blue,  and  most  vegetable  purples 
green  ; they  have  a soapy  taste  and  feel,  act  on  the  skin,  and  form 
soaps  with  fats.  The  term  alkali  in  commerce  usually  means  im- 
pure caustic  soda  or  potash. 

Alkaloids  are  natural  organic  compounds  containing  nitro- 
gen ; they  occur  in  many  plants,  are  mostly  crystalline,  and 
usually  have  a bitter  taste.  They  act  powerfully  on  the  animal 
body,  and  are  used  in  medicine  as  quinine,  morphine,  etc.,  and 
are  often  violent  poisons.  The  names  of  most  end  in  -me,  as 
theine,  and  caffeine  which  occur  in  tea  and  coffee. 

Amoeboid.  This  term  is  applied  to  the  movements  of  the 
colourless  corpuscles  or  leucocytes  of  the  blood  and  lymph, 
because  of  the  similarity  to  that  exhibited  by  the  protozoan 
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Amoeba  (q.v.),  one  species  of  which  is  sometimes  called,  from 
its  incessant  changes  of  form,  the  Proteus. 

Amyloids.  This  term  is  derived  from  amylum  or  starch,  and 
pertains  to  starchy  substances. 

Apncea  = temporary  absence  or  great  feebleness  of  breath, 
as  in  the  case  of  fainting. 

Asphyxia  is  a condition  brought  about  by  excluding  air  from 
the  lungs.  In  the  absence  of  air  or  oxygen,  the  blood  becomes 
dark  in  colour  and  poisonous  to  the. system.  If  this  condition  is 
not  relieved,  fatal  results  follow. 

Bacteria  (microbes)  belong  to  the  vegetable  kingdom  and  are 
classified  under  the  Fungi.  They  are  microscopic  organisms 
which  cause  putrefaction  and  fermentation,  are  found  throughout 
the  alimentary  canal,  and  are  responsible  for  many  of  the  com- 
plex changes  occurring  in  carbohydrates,  fats,  and  proteids  in  the 
body.  Some  organisms  are  also  found  associated  with  certain 
diseases,  of  which  they  are  considered  to  be  primarily  the  cause. 

Bile  Pigments.  The  principal  of  these  are  known  as  bilirubin 
and  biliverdin  ; the  former  constitutes  the  chief  colouring  matter 
of  human  bile.  It  is  probably  formed  from  the  haemoglobin  of 
blood.  Alkaline  bile  with  nitric  acid  gives  a “play  of  colours,” 
namely,  green,  blue,  violet,  red,  and  finally  yellow,  a test  for  bile 
pigments. 

Bile  Salts.  The  compounds  making  up  the  larger  part  of  the 
solid  matters  of  the  bile  are  the  sodium  salts  of  glycocholic  and 
taurocholic  acids.  Besides  these  and  the  biliary  mucin,  there 
are  fats,  soaps,  etc.  With  cane-sugar  and  sulphuric  acid  the 
biliary  acids  give  a purple  colour,  and  this  can  be  used  as  a test  for 
their  presence. 

Bursae.  These  are  sacs  or  bags  {bursa  = purse)  containing 
fluid  interposed  between  surfaces  moving  over  each  other,  as,  for 
example,  between  the  knee-cap  (patella)  and  integument. 

Canaliculi.  See  Haversian  System. 

Carbohydrates.  The  carbohydrates  are  composed  of  three 
elements,  carbon,  hydrogen,  and  oxygen,  the  two  latter  being  in 
the  proportion  to  form  water,  hence  the  derivation  of  the  name. 
Carbohydrates  are  found  both  in  the  animal  and  vegetable  king- 
doms, very  abundantly  in  the  latter.  The  several  members  of 
the  group  differ  greatly  in  their  properties,  such  as  power  of 
crystallization,  fermentation,  power  of  reduction,  taste,  etc.  They 
may  be  classified  as  follows : — 
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Glucoses,  or  Monosaccharides,  C6H1206 — 

Glucose,  or  grape-sugar  (dextrose). 

Fructose,  or  fruit-sugar  (laevulose). 

Galactose,  Mannose,  and  others. 

Saccharoses,  or  Disaccharides,  Ci2H220n — 

Sucrose,  or  cane-sugar. 

Lactose,  or  milk-sugar. 

Maltose,  or  malt-sugar. 

Polysaccharides,  or  Amyloses  (C6Hi0O5)d — ■ 

Starch. 

Dextrin,  or  British-gum. 

Glycogen,  or  animal-starch. 

Cellulose. 

Also  several  gums,  etc. 

Cholesterin  (C26H43OHy  occurs  in  small  quantities  in  the 
blood,  bile,  brain,  and  nerves,  and  also  in  the  vegetable  kingdom. 
It  exists  to  a large  extent  in  gall-stones. 

Chondrin.  See  Gelatine. 

Chyme  is  a semi-fluid  or  pulpy  matter  into  which  food  is  con- 
verted after  it  has  been  for  some  time  in  the  stomach  and  mixed  with 
the  gastric  secretions.  It  passes  into  the  duodenum  from  the 
stomach,  and  yields  chyle  by  admixture  with  the  pancreatic  juice 
and  bile. 

Crystals  of  Blood.  These  crystals  are  composed  of  oxy- 
haemoglobin  (q.v.),  and  are  well  seen  when  a drop  of  blood  from  a 
dog,  rat,  or  guinea-pig  is  placed  on  a slide  and  covered  with  a 
drop  of  Canada  balsam,  then  examined  with  the  microscope. 
The  crystals  form  in  a few  minutes  from  the  blood  of  these  animals, 
and  are  four-sided  (tetrahedral)  in  the  case  of  the  guinea-pig, 
mouse  giving  six-sided  plates,  and  cat  or  dog  four-sided  needles. 

Dialysis.  The  process  of  dialysis  depends  upon  the  great 
difference  of  rate  of  diffusion  of  liquids  through  a permeable 
membrane.  It  is  found  that  uncrystallizable  bodies  (colloids) 
diffuse  at  a very  much  slower  rate  than  crystallizable  ones 
(crystalloids).  The  apparatus  used  for  dialysis  is  known  as  a 
dialyser,  and  may  consist  of  a glass  vessel  with  a septum  of  parch- 
ment paper,  or  animal  membrane,  stretched  and  securely  tied 
over  the  bottom.  The  substance  to  be  dialysed  is  poured  in  the 
diatyser  on  to  the  septum,  and  if  it  does  not  leak,  placed  in 
another  vessel  of  water,  when  diffusion  will  begin  immediately. 
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The  Crystalloids  will  pass  through  the  membrane  while  the 
colLoids  remain  behind.  Dialysis  thus  affords  a convenient 
method  of  separating  small  quantities  of  crystallizable  substances 
from  large  quantities  of  colloidal  material,  as  in  separation  of 
poisons  from  stomach  contents,  etc. 


Fig.  103. — Dialyser.  A.  Beaker  of  water.  B.  Dialyser  containing 
crystalloid  in  solution  suspended  in  beaker  from  a glass  rod. 
C.  Parchment  membrane  tied  over  bottom  of  dialyser. 

Emulsion.  When  a fat  or  oil  is  broken  up  into  very  small 
globules  which  do  not  readily  run  together  again,  or  in  other 
words,  remain  discrete,  an  emulsion  is  formed.  A typical  example 
of  an  emulsion,  is  milk.  Certain  alkaline  fluids  have  the  power  of 
emulsifying  fats  ; a solution  of  carbonate  of  soda  (washing-soda) 
added  to  some  olive  or  cod-liver  oil  will  bring  about  this  physical 
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change.  In  the  body  the  pancreatic  juice  and  the  bile  form  an 
emulsion  with  fats,  prior  to  its  absorption  into  the  lacteals. 

Enzyme.  See  Ferment. 

Ferment.  This  term  is  applied  to  those  substances  that 
have  the  power  of  effecting  a chemical  change  in  large  quantities 
of  substances  brought  in  contact  with  it,  without  itself  suffering 
change.  Ferments  are  further  distinguished  as  organized  and 
unorganized.  The  former  are  represented  in  the  vegetable  organ- 
isms, yeast  and  bacteria,  and  the  latter,  sometimes  called 
enzymes,  by  ptyalin,  pepsin,  and  the  pancreatic  ferments.  Un- 
organized ferments  are  further  classified  as  (a)  Amylolytic,  those 
which  change  amyloses  (starch,  glycogen)  into  sugars  ; to  this 
group  belong  ptyalin,  diastase,  and  amylopsin.  ( b ) Proteolytic, 
those  which  change  proteids  into  peptones  and  proteoses,  e.g., 
pepsin,  trypsin.  ( c ) Steatolytic,  those  splitting  fats  into  fatty 
acids  and  glycerine,  e.g.,  steapsin.  ( d ) Inversive,  converting 
cane-sugar-group  sugars  into  glucose-group  sugars,  e.g.,  invertin. 
(e)  Coagulative,  converting  soluble  into  insoluble  proteids,  e.g., 
rennet,  fibrin-ferment  and  myosin-ferment. 

Gelatine.  When  bones  are  treated  with  dilute  hydrochloric 
acid  the  mineral  constituents  are  dissolved  and  bone  cartilage 
(ossein)  remains.  This  when  boiled  for  a considerable  time 
with  water  forms  gelatine,  which  may  be  obtained  quite  pure  by 
precipitation  with  alcohol.  Dry  gelatine  is  amorphous,  brittle, 
transparent  in  thin  plates,  almost  colourless,  unaltered  in  the  air, 
and  neutral  to  litmus.  With  cold  water  gelatine  swells  up  and 
in  hot  water  becomes  soluble.  On  cooling  gelatine  in  hot  water 
a jelly  forms  varying  in  consistence  with  the  amounts  of  gelatine 
and  water  present.  This  moist  gelatine  rapidly  putrefies  when 
exposed  to  the  air.  Chondrin  is  a variety  of  gelatine  which  is 
less  soluble  in  boiling  water.  Glue  is  an  impure  gelatine  ob- 
tained by  treatment  of  bones,  hoofs,  horn,  etc. 

Gluten.  When  wheat-meal  is  placed  in  a muslin  bag  and 
washed  with  running  water  until  all  the  starch  is  washed  away,  a 
yellowish-grey,  sticky,  and  elastic  mass  is  left  behind.  This  is 
gluten — an  albuminous  or  proteid  substance,  quickly  decomposing 
when  moist  and  exposed  to  the  air.  It  is  soluble  in  dilute  acids, 
but  nearly  insoluble  in  water. 

Glycogen,  or  animal-starch,  occurs  in  the  liver  of  mammals 
and  also  in  molluscs,  serving  in  some  cases  as  reserve  food 
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material  during  hibernation.  It  can  be  obtained  as  a white  powder 
which  dissolves  in  water  forming  an  opalescent  fluid.  With 
iodine  solution  it  gives  a red  coloration  and  does  not  reduce 
Trommer’s  solution,  but  it  may  be  converted  into  glucose  by 
boiling  with  dilute  mineral  acids.  Glycogen  is  rapidly  converted 
into  glucose  after  death  of  an  animal. 

Hgemin  is  composed  of  haematin — the  iron  compound  com- 
bined with  a globulin  in  oxyhaemoglobin — -and  hydrochloric  acid. 
When  a drop  of  fresh  blood  or  even  a blood-stain  is  treated  with 
glacial  acetic  acid  on  a glass  slide  hasmin  crystals  are  formed. 
They  are  microscopic  and  appear  as  brown,  rhombic  prisms. 
Sometimes  they  are  called  Teichmann’s  crystals,  and  are  import- 
ant in  proving  the  presence  of  blood. 

Haversian  System.  In  bone  there  are  certain  canals  to 
which  attention  was  first  called  by  Havers.  These  Haversian 
canals  protect  the  blood  vessels  constituting  the  nutritive  system 
of  the  bones.  In  the  spaces  between  the  canals  are  the  lacunae 
and  their  canaliculi.  The  Haversian  canals  branch  and  traverse 
the  length  of  the  bone  in  the  compact  tissue,  being  usually  smaller 
nearer  the  surface  and  larger  nearer  the  marrow  cavity. 

Indicators.  Certain  substance?,  especially  vegetable  sub- 
stances, are  very  sensitive  to  the  action  of  acid  and  alkali,  and  by 
a change  of  colour  thus  resulting,  they  serve  to  indicate  when  one 
or  the  other  is  in  excess.  Litmus,  a product  of  the  lichen-plant, 
forms  salts  with  a blue  colour  with  alkali ; these  are  decomposed 
by  acids  and  the  colouring  matter  is  red.  Thus,  litmus  acts  as  an 
indicator  for  acid  and  alkali,  turning  red  with  acid  and  blue  with 
alkali.  Paper  steeped  in  litmus  solution  and  dried  is  known  as 
litmus  paper,  of  which  there  are  three  kinds,  blue,  red,  and  neutral. 
Several  other  indicators  exist. 

Lactic  Acid.  This  acid  is  contained  in  sour  milk,  and  is 
formed  in  milk  by  fermenting  milk-sugar  under  the  influence  of  an 
organized  ferment.  It  occurs  also  in  the  stomach  and  intestines, 
and  a similar  compound  or  isomer,  called  sarco-  or  para-lactic 
acid,  occurs  as  a product  of  waste  or  animal  tissues  and  is  found 
especially  after  violent  exertion. 

Microscope,  the  use  of,  in  the  examination  of  minute  struc- 
tures. The  materials  are  prepared,  that  is,  fixed,  hardened,  and 
stained,  and  cut  into  very  thin  sections  and  mounted  for  examina- 
tion. The  light  is  reflected  through  the  object  to  be  examined. 
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The  objective  or  power  of  the  microscope,  together  with  the 
ocular  or  eyepiece,  magnifies  the  object  and  determines  the 
number  of  magnifications,  which  are  expressed  as  diameters,  e.g., 
x ioo  or  x 200,  etc.  The  staining  differentiates  or  marks  off  the 
structures  present. 

Osmosis.  If  a solution  be  surrounded  by  an  envelope  or  bag 
which  allows  water  to  pass  through  it,  but  not  the  dissolved 
substance,  and  the  bag,  with  the  solution  in  it,  be  placed  in  water, 
the  water  will  pass  through  the  bag  into  the  solution  from  outside. 
This  action  is  known  as  Osmosis.  Many  animal  and  vegetable 
membranes  and  cells  possess  this  property  of  semi-permeability. 
Osmosis  has  been,  however,  accurately  and  carefully  studied  with 
artificial  semi-permeable  membranes,  such  as  sausage-skin,  parch- 
ment, etc.  The  passage  of  the  water  can  be  stopped  by  applying 
pressure  to  the  solution.  The  pressure,  which  is  in  equilibrium 
with  the  force  of  the  penetrating  water,  is  named  the  osmotic 
pressure.  The  osmotic  pressure  increases  with  the  concentration 
and  the  temperature  of  the  solution. 

Oxidation.  This  term  is  applied  when  substances  are  sub- 
jected to  the  transfer  of  oxygen,  as  by  oxidizing  agents.  Similarly, 
reducing  agents  are  those  which  take  away  oxygen  and  effect 
reduction.  The  diffusion  of  oxygen  gas  contained  in  air  in  the 
lungs,  resulting  in  the  formation  of  an  oxidizing  agent,  oxyhaemo- 
globin,  and  the  subsequent  oxidation  of  tissue  substances  by  the 
transfer  of  oxygen,  constitutes  a good  example  of  oxidation  in  the 
animal  body. 

Reagents.  Materials  used  for  testing  for  other  substances 
are  classified  as  Reagents.  Thus  hydrochloric  acid  is  a reagent 
which  is  used  in  testing  for  carbonates,  silver  salts,  etc.  It  will 
also  be  often  found  that  where  solution  A is  a test  for  solution  B, 
the  latter  will  also  serve  as  a reagent  in  testing  for  the  former. 
Thus  silver  nitrate  solution  is  used  as  a test  for  chlorine,  hydro- 
chloric acid,  and  salts. 

Saponification.  When  fats  or  oils  are  acted  upon  by  an  alkali, 
soap  is  formed,  and  saponification  of  the  fat  or  oil  is  said  to  have 
taken  place.  Fats  may  be  considered  as  an  acid,  e.g.,  stearic, 
palmitic,  oleic,  combined  with  glycerine.  The  alkali  or  base  on 
saponification  unites  with  the  acid  forming  soap,  which  corre- 
sponds therefore  to  a salt,  setting  free  the  glycerine. 


EXAMINATION  QUESTIONS 

SKELETON,  MUSCLE,  TENDON,  ETC. 

Give  a general  account  of  the  nature  and  use  of  (a)  muscle  and 
(b)  tendon.  Make  a rough  drawing  of  the  position  occupied  by 
the  fingers  when  these  are  respectively  flexed,  extended,  abducted, 
and  adducted. 

Describe  the  general  character  and  position  of  the  pelvis. 
What  are  the  more  important  organs  which  lie  within  its  cavity  ? 

What  is  the  pelvis?  What  parts  enter  into  its  construction, 
and  how  is  it  articulated  with  other  bones  ? 

Give  a brief  description  of  the  situation,  general  form,  and 
chief  functions  of  the  following  structures  : (a)  the  larynx,  ( b ) the 
radius,  (c)  the  urinary  bladder. 

What  groups  of  bones  are  present  in  the  palms  of  the  hands 
and  in  the  digits  ? Explain  how  it  is  possible  for  the  hand  to  turn 
round,  and  for  the  thumb  to  meet  each  of  the  finger-tips. 

What  bones  are  concerned  in  forming  the  following  joints  : (i) 
the  head  on  the  spine;  (2)  the  elbow;  (3)  the  hip  ? State  what 
movements  can  be  carried  out  in  each  case. 

Sketch  the  humerus  and  the  femur,  showing  their  articulation 
with  shoulder  and  pelvis  respectively. 

Make  a careful  drawing  of  a vertebra,  indicating  the  various 
parts.  State  as  far  as  you  can  the  use  of  each  part. 

Give  an  account  of  the  changes  which  occur  in  a muscle  during 
contraction. 

Describe  briefly  the  three  kinds  of  muscular  tissue  found  in  the 
body  and  say  where  each  occurs. 

BLOOD 

What  happens  when  shed  blood  is  received  into  two  bowls,  one 
of  which  is  kept  still  whilst  the  other  is  stirred  with  a glass  rod  ? 

Give  a short  account  of  the  corpuscles  which  are  seen  when  a 
drop  of  blood  is  examined  under  the  microscope. 
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Describe,  with  the  aid  of  appropriate  drawings,  the  form  and 
general  structure  of  the  corpuscles  of  the  blood.  What  is  their 
chief  function  ? 

What  gives  the  blood  its  red  colour  ? Explain  the  importance 
of  the  colouring  material.  Does  the  colour  ever  change,  and,  if 
so,  under  what  circumstances  ? 

State  the  general  composition  of  the  blood.  What  is  lymph, 
and  how  does  it  differ  from  blood  ? 

What  are  the  constituents  of  human  blood  ? What  is  meant 
by  “ coagulation  of  blood  ” ? 

In  what  respect  does  arterial  differ  from  venous  blood  ? Where 
is  the  change  from  one  to  another  brought  about  ? 

HEART  AND  BLOOD  VESSELS 

Describe  by  means  of  appropriate  diagrams  the  chambers  of 
the  mammalian  heart. 

Make  a diagram  to  show  the  course  of  the  blood  flow  through 
the  mammalian  heart.  What  are  the  chief  structural  differences 
between  the  right  and  left  side  of  this  organ  ? 

What  is  a capillary  system,  and  how  is  it  connected  with  the 
larger  blood  vessels  ? What  is  to  be  remarked  about  the  walls  of 
the  capillaries,  and  the  flow  of  blood  through  them  ? 

Describe,  by  means  of  drawings,  the  structures  displayed  when 
the  mammalian  heart  is  cut  across  the  ventricles.  What  sub- 
stances compose  the  walls  of  the  ventricles  ? 

Draw  a diagram  representing  the  general  distribution  of  the 
vessels  through  which  the  blood  circulates.  Describe  the  general 
structure  of  the  finest  branches  of  this  circulatory  system. 

Describe  the  general  character,  position,  and  use  of  the  various 
valves  of  the  heart,  illustrating  your  answer  by  drawings. 

Explain  what  is  meant  by  “circulation  of  the  blood”.  What 
evidence  is  there  that  the  blood  circulates,  and  in  the  manner 
usually  described  ? 

Describe  by  the  aid  of  sketches  the  structure  of  the  mammalian 
heart,  and  indicate  the  origin  of  the  great  vessels. 

LYMPHATICS 

Give  some  account  of  the  lymphatic  system  in  man. 

What  is  meant  by  a lymphatic  vessel  ? Give  a general  account 
of  the  distribution  and  function  of  the  lymphatics. 
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RESPIRATION 

In  what  respects  does  the  blood  change  in  its  passage  through 
the  lungs  ? How  would  you  show  that  the  air  that  you  breathe 
out  differs  from  that  which  you  take  in  ? 

What  bony  and  cartilaginous  structures  form  the  framework  of 
the  thorax  ? In  what  direction  do  your  ribs  move  when  you  take 
in  a deep  breath  ? Explain  the  cause  and  the  effect  as  regards 
these  two  events.  Also  explain  the  relationship  of  the  two. 

What  structures  compose  the  framework  of  the  thorax  ? What 
alterations  in  their  position  occur  when  a deep  breath  is  taken  ? 
Explain  the  connexion  between  these  alterations  and  the  entry  of 
extra  air  into  the  lungs. 

What  structures  form  the  walls  of  the  thorax  ? Explain  how 
the  form  of  the  thoracic  cavity  is  changed  during  the  act  of 
inspiration,  and  show  how  this  change  in  form  causes  air  to  enter 
the  lungs. 

Describe  the  position,  general  structure,  and  functions  of  the 
diaphragm,  illustrating  your  answer  by  appropriate  drawings. 

Explain  what  happens  when  we  breathe,  stating  ( a ) the  muscles 
which  are  used,  and  ( b ) how  these  cause  air  to  enter  and  leave  the 
chest. 

Describe  the  mechanism  of  respiration  in  man,  and  state  briefly 
the  changes  which  air  undergoes  in  the  lungs. 

What  is  the  diaphragm  ? What  vessels  pass  through  it  ? 
How  does  it  aid  in  the  process  of  respiration  ? 

Explain  how  air  is  admitted  into  the  body  and  how  it  is  ex- 
pelled. What  is  meant  by  residual  air  ? What  part  does  it  play 
in  respiration  ? 

FOOD  AND  NUTRITION 

What  food-stuffs  are  contained  in  egg  and  in  meat  respectively  ? 
What  changes  are  produced  in  these  {a)  by  boiling  and  ( b ) by 
digestion  in  the  alimentary  canal  ? 

Mention  the  chief  forms  in  which  the  chemical  elements  Carbon, 
Hydrogen,  and  Oxygen  enter  and  leave  the  body. 

State  the  chief  forms  in  which  the  chemical  elements  Nitrogen 
and  Carbon  enter  and  leave  the  body  ? What  do  you  consider  to 
be  the  purpose  of  the  changes  which  occur  within  the  body  in 
connexion  with  the  substances  containing  Carbon  ? Give  the 
reasons  for  your  opinion  on  this  point. 
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What  chemical  elements  are  present  in  albumen,  gelatine, 
starch,  fat,  and  sugar  ? Give  an  example  of  the  occurrence  of 
each  of  these  in  familiar  articles  of  food.  What  happens  if  you 
heat  albumen  and  sugar  respectively  so  as  to  char  them  ? 

What  does  milk  look  like  under  the  microscope  ? What  sub- 
stances give  milk  its  importance  as  food,  and  what  chemical 
elements  do  these  substances  contain  ? 

What  alterations  are  produced  in  bread  when  it  is  eaten,  and  by 
what  means  are  these  brought  about  ? 

ALIMENTARY  CANAL 

Describe  the  position,  form,  and  general  structure  of  the 
stomach,  and  its  relation  to  other  parts  of  the  alimentary  canal. 
What  changes  in  the  food  take  place  in  this  organ  ? 

What  do  you  know  as  to  the  position,  shape,  general  structure, 
and  functions  of  the  stomach  ? Illustrate  your  answer  by  an 
appropriate  diagram,  showing  the  relation  of  the  stomach  to  other 
organs  in  the  neighbourhood. 

What  is  bile  ? Where  is  it  formed,  and  what  becomes  of 
it  ? 

Describe  the  general  structure,  position,  and  chief  functions  of 
(a)  the  parotid  glands,  ( b ) the  pancreas,  ( c ) the  liver. 

Describe  with  the  aid  of  an  illustrative  drawing  the  arrange- 
ment of  the  various  parts  of  the  intestinal  portion  of  the  alimentary 
canal.  What  is  the  nature  of  the  digestive  processes  which  are 
carried  out  in  the  intestine  ? 

Give  the  position,  form,  and  general  structure  of  the  liver. 
Name  three  functions  of  this  organ. 

State  the  position,  form,  and  function  of  the  gall-bladder. 

Give  an  account  of  the  action  of  saliva  on  food. 

What  is  saliva  ? Where  is  it  formed,  and  what  are  its 
properties  ? On  what  does  its  secretion  depend  ? 

Describe  the  structure  of  one  of  the  villi  of  the  small  intestine. 

What  is  the  general  nature  of  the  tissues  which  compose  the 
walls  of  the  alimentary  canal  ? 

Describe  the  structure  of  a lobule  of  the  liver.  How  is  the 
liver  supplied  with  blood  ? 

What  is  glycogen  ? Where  does  it  occuf  in  greatest  quantity 
in  the  body  ? Give  an  account  of  its  formation  and  fate. 
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ORGANS  OF  EXCRETION 

How  is  the  temperature  of  the  body  regulated  ? 

By  what  organs  is  watery  vapour  given  off  from  the  body  ? 
Under  what  conditions  is  the  amount  increased  or  diminished  ? 
How  is  the  escape  of  watery  vapour  regulated  ? 

What  is  urea  ? Give  some  account  of  the  method  of  excretion 
from  the  system. 

What  influence  has  external  heat  and  cold  in  maintaining  the 
normal  temperature  of  the  body  ? 

What  is  meant  by  “ oxidation  ” in  the  body  ? Name  the  pro- 
ducts resulting  from  oxidation. 

Describe  the  structure  of  the  skin.  What  are  the  functions 
of  the  skin  ? 

What  functions  ip  common  have  the  lungs,  skin,  and  kidneys  ? 
Compare  the  products  of  these  functions. 

NERVOUS  SYSTEM 

Where  is  the  spinal  cord  situated  ? Describe  its  general  form, 
and  give  an  account  of  its  physiological  purpose. 

By  what  nervous  structures  are  motor  and  sensory  structures 
brought  into  connexion  with  the  spinal  cord  ? Is  it  possible  for 
the  muscles  to  move  after  the  cord  has  been  severed,  and,  if  so, 
under  what  circumstances  ? 

Describe  the  situation  and  general  form  of  the  spinal  cord. 
What  does  it  look  like  when  it  is  cut  across  ? How  is  the  cord 
connected  with  the  spinal  nerves  ? 

What  nervous  structures  are  concerned  in  reflex  actions  ? 
Give  two  examples  of  such  actions. 

Enumerate  the  different  kinds  of  sensation.  What  do  you  con- 
sider to  be  the  fundamental  distinction  between  the  sensory  and 
motor  nerves  of  such  a structure  as  a limb  ? 

How  are  the  nerves  of  the  body  connected  with  the  spinal 
cord  ? What  are  the  functions  of  nerves  ? 

What  are  vaso-motor  nerves  ? What  part  do  they  play  in  the 
circulation  of  the  blood  ? 

What  is  the  sympathetic  nervous  system  ? Give  a general  ac- 
count of  the  arrangements  it  presents. 

What  do  you  understand  by  “ reflex  action  ” in  the  spinal  cord  ? 

Under  what  conditions  are  the  movements  of  heart  and  lungs 
carried  on  during  sleep  ? 
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THE  SENSES 

Describe  briefly  how  the  waves  of  sound  are  conveyed  to  the 
parts  which  contain  the  nerves  of  hearing  from  a ticking  watch 
held  up  close  to  the  ear. 

Make  a rough  drawing  to  show  the  means  by  which  air  pul- 
sations can  reach  the  auditory  nerves  and  cause  the  sensation  of 
hearing. 

State  the  situation,  general  structure,  and  physiological  pur- 
pose of  the  retina.  Explain  the  meaning  of  the  “ blind  spot 
How  can  its  existence  be  demonstrated  in  the  living  subject  ? 

Make  a drawing  to  show  the  general  position  of  the  various 
structures  contained  in  the  eyeball.  What  is  the  “ blind  spot,” 
and  why  is  it  blind  ? 

Explain  by  means  of  appropriate  drawings  the  means  by 
which  the  sound  waves  are  conveyed  from  the  external  ear  to  the 
internal  ear. 

Describe  by  aid  of  figures  the  general  structure  of  the  human 
eye.  What  do  you  understand  by  accommodation  ? 

What  do  you  understand  by  the  sense  of  touch  ? Give  some 
account  of  the  structures  concerned. 

What  is  the  structure  of  the  nose  ? In  order  to  appreciate 
odours,  it  is  necessary  to  inhale  the  air  strongly  through  the  nose. 
Why  is  this  ? 
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Abdomen,  16,  19. 

— walls  of,  19. 

Absorption  from  alimentary  canal,  102. 

blood,  102,  104. 

intestines,  103,  104,  105,  106. 

stomach,  102. 

— of  oxygen,  88. 

Accommodation  of  the  eye,  180,  181, 
182,  183. 

Acetabulum,  43. 

Acid,  acetic,  195. 

— albumen,  196. 

— carbonic,  12,  90. 

— hydrochloric,  13. 

— • — ■ action  on  bone,  34. 

— — in  gastric  juice,  107. 

— in  gastric  juice,  100,  102. 

— of  bile,  197. 

— taurocholic,  197. 

— uric,  138. 

— urine,  138. 

“ Adam’s  apple,”  40. 

Adenoid  or  lymphoid  tissue,  120. 
Adipose  tissue,  7. 

Afferent  and  efferent  impulses,  149, 162, 
163,  164. 

— nerves,  150,  162. 

Air,  atmospheric,  composition  of,  12,  86. 

— cells  in  lungs,  82. 

— changes  in,  by  respiration,  86. 

— in  lungs,  residual,  stationary,  and 

tidal,  86. 

— sacs,  82. 

Albumen,  102. 

Alimentary  canal,  functions  of,  19,  91. 

muscular  fibres  of,  100. 

Alkaline  reaction  of  bile,  112. 

Alkalies,  195,  196. 

Alkaloids,  196. 

Ammonia,  130. 

Amoeba,  3. 

Amoeboid  movements  of  white  cor- 
puscles, 72. 


Ampullae,  189. 

Amylolytic  ferment,  114. 

Analyses  of  bone,  35. 

composition  of  animal  body, 

15,  124,  125. 

“ Animal  starch”  (glycogen),  113,  200. 
Anterior  and  posterior  horns  of  spinal 
cord,  161,  162. 

Anus,  91,  106. 

Aorta  abdominal,  58. 

— arch  of,  56,  58. 

— valves  of,  55. 

Apex  of  heart,  51. 

Appendix,  vermiform,  106. 

Aqueous  humour  of  eye,  176. 

Arterial  blood,  88. 

— pulse,  68. 

Arteries,  elasticity  of,  61. 

— nervous  control  of,  67. 

— pressure  of,  67. 

— regulation  of  calibre,  67. 

— structure  of,  59,  61. 

— valves  in,  62. 

Arteries  or  artery,  56,  58. 

aorta,  S3-  56- 

— — coronary,  55. 

hepatic,  109. 

iliac,  35. 

pulmonary,  53,  60. 

— — radial,  63.  [pulse  artery] 

— • — renal,  58. 

— — splenic,  117. 

carotid,  56. 

Articular  cartilage,  33,  42,  45. 
Articulations  of  bones,  42. 

Arytenoid  cartilages,  144,  145,  146, 
Asphyxia,  197. 

Assimilation  of  food,  131. 

Astragalus,  30. 

Atlas  vertebra,  27. 

Atmospheric  air  and  pressure,  12,  86. 
Auditory  nerve,  190,  191. 

— sensations,  191. 


209 


14 


210 


PRELIMINARY  PHYSIOLOGY 


Auricles,  53,  54. 

Auricular  appendage,  53. 
Auriculo-ventricular  apertures,  53. 
Axis  cylinder  of  nerve  fibre,  149,  150. 

— vertebra,  27. 

Bacteria,  197. 

Balance,  maintenance  of  physiologi- 
cal, 128,  J29. 

Ball-and-socket  joint,  43. 

Basilar  membrane  (ear),  190,  191. 

Beat  of  the  heart,  64. 

Biceps  muscle,  41,  47. 

Bile,  action  on  fats,  112. 

— colour,  1 12. 

— constituents  and  pigments,  112, 197. 

— salts,  112,  197. 

— secretion  of,  hi. 

Bilirubin,  197. 

Biliverdin,  197. 

Bladder,  19,  137. 

“ Blind  spot  ” (of  the  eye),  183,  184. 
Blood,  arterial  and  venous,  87,  88,  89. 

— chemical  composition,  70,  75. 

— circulation  of,  56,  57,  58,  59,  60,  70. 

— coagulation,  73,  74. 

— corpuscles,  71,  72. 

— fibrin,  73,  74. 

— flow,  rate  of,  69. 

— functions  of,  70. 

— microscopic  examination  of,  70,  73. 

— oxygen  carried  by,  74. 

— portal,  69. 

— pressure,  67. 

— solids  in  plasma  of,  73. 

— specific  gravity  of,  74. 

— vessels,  56. 

of  the  retina,  178. 

regulation  of,  by  vaso-motor 

nerves,  67. 

Blushing,  67. 

Body,  elements  present  in,  124,  125. 

— equilibrium  of,  128, 

— human,  general  build  of,  16. 

— joints  of,  42. 

— various  movements  of,  42,  43. 

Bone,  blood  supply  to,  33. 

— canaliculi,  197. 

— cancellous  tissue,  33. 

— cells,  8. 

— composition  of,  35. 

— Haversian  system  of,  201. 

— structure  of,  33. 

Bones  as  levers,  45. 

— number  in  body,  33. 

Brain,  automatic  (reflex),  action  of,  151. 


Brain,  base  of  (illustrated),  156. 

— component  parts,  152. 

— effect  of  destruction  of  (in  frog),  163. 

— grey  matter  of,  148,  153. 

— hemispheres,  155. 

— lobes  of,  154-156. 

— membranes  of,  153,  154. 

— minute  structure  of,  158. 

— sensation,  150,  166. 

— weight  of,  152. 

Bread,  128. 

Breathing.  See  Respiration. 

Bronchi,  83. 

Bronchial  tubes,  83. 

Bursae,  197. 

Ctecum,  106. 

Calcium  salts,  13. 

in  bone,  35. 

Canal,  alimentary,  91. 

— central,  of  spinal  cord,  161. 
Canaliculi,  197. 

Canals,  Haversian,  201. 

— semicircular,  187, 189, 190,  191,  192. 
Cancellous  tissue  (bone),  33. 
Cane-sugar,  126. 

Capillaries,  63,  67. 

— dilatation  of,  67. 

— distribution  of,  63. 

— exudation  through,  63,  70. 

— in  frog’s  foot,  60. 

— lymphatic,  120. 

— microscopical  examination  of,  6cv 

— pulmonary,  82. 

— structure  of,  63. 

Capillary  circulation,  63. 

Capsule,  Malpighian,  134,  137. 
Carbohydrates,  14. 

— as  food,  127. 

Carbon,  12. 

— dioxide,  12,  90. 

from  lungs,  87. 

skin,  142. 

in  venous  blood,  90. 

poisonous  effects  through,  74. 

— monoxide,  12,  74. 

haemoglobin,  74. 

Cardiac  impulse,  64. 

— muscle,  38. 

— nerves,  38. 

Cartilage,  8. 

— cells,  7. 

— in  trachea  and  bronchi,  82. 
Cartilages,  articular,  43,  44,  45. 

— costal,  32. 

— interarticular,  43. 
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Cartilages,  thyroid,  145,  147. 

Casein,  125. 

Cells  as  living  organisms,  5. 

— ciliated,  5. 

— differentiation  of,  58. 

— epidermal,  6,  139. 

— epithelial,  6. 

— fat,  7. 

— liver  (hepatic),  109,  112. 

— mucous,  83. 

— nerve,  15 1. 

— of  Purkinje,  157. 

— pigment,  60,  141 

— secreting,  92,  93,  136. 

Cellular  tissue,  8. 

Cellulose,  126. 

Cement  (of  teeth),  97. 

Central  nervous  system,  148. 

Centres,  cerebro-spinal,  148. 

— respiratory,  157. 

— vaso-motor,  157. 

Cerebellum,  illustration,  154,  155,  156. 

— position  of,  155,  156. 

Cerebral  cortex,  157,  158. 

— hemispheres,  155. 

— - structure  of,  150,  158. 
Cerebro-spinal  system,  148. 

Check  ligaments,  28. 

Chemical  action,  10. 

— elements,  11. 

— preliminaries,  10. 

Chemicals  used  in  physiology,  10. 
Cholesterin,  198. 

Chondrin,  198. 

Chordae  tendineae,  54. 

Choroid  coat,  176,  177,  178,  180,  181. 

— pigment,  176. 

Chyle,  formation  of,  123. 

— in  lymph,  123. 

— in  the  intestines,  123. 

— receptacle  for  (receptaculum  chyli), 

122. 

Chyme,  103. 

Cilia,  4,  83. 

— function  of,  83. 

— on  bronchial  epithelial  cells,  83. 
Ciliary  muscle  (eye),  179,  180,  181. 

— processes  of  choroid,  176,  177,  178, 

179. 

Ciliated  cells,  6. 

Circular  fibres  (eye),  176. 

Circulation  of  blood,  56,  57,  58,  59, 
60. 

capillary,  63. 

control  of,  67. 

course  of,  56. 


Circulation  of  blood,  direct  evidence 
of,  70. 

in  kidney,  135. 

portal,  60. 

Circumvallate  papillae,  170,  171. 
Clavicle,  29. 

Clot,  74. 

Coagulation  of  blood,  73,  74. 

Coats  of  artery  and  vein,  59,  61. 
Coccyx,  25. 

Cochlea  (ear),  187,  189,  190. 

— functions  of,  191. 

Cold,  sensations  of,  167. 

— spots  and  hot  spots,  167. 

Colloids,  198. 

Colon,  106. 

Colour,  89. 

— of  blood,  venous  and  arterial,  88,  89. 
Colourless  (white)  corpuscles,  71  72. 
Conduction  of  impulses,  163,  164. 
Cones  (of  retina),  179,  182,  183,  184. 
Conjunctiva,  174,  177. 

Connective  tissue,  5,  7,  8. 

cells,  8. 

fibres  of,  8. 

varieties  of,  8. 

Consonants  (voice),  148. 

Constriction  of  arteries,  61. 

Contact,  sense  of,  167. 

Contractile  tissue,  37. 

Contractility  of  amoeba,  4. 

— of  colourless  corpuscles,  72. 

— of  muscle,  37. 

Contraction  of  fibre,  7. 

heart,  64. 

intercostal  muscles,  78. 

iris,  1 77,  185. 

muscles,  37. 

muscular  coat  of  arteries,  61. 

sphincter  muscles,  104,  106,  137. 

Convolutions  of  brain,  153,  155. 

cerebral  hemispheres,  155. 

Cornea,  175. 

Coronary  arteries  and  veins,  55. 
Corpora  quadrigemina,  153,  155. 
Corpus  callosum,  155. 

— striata,  155. 

Corpuscles  in  spleen,  117,  118. 

— of  the  blood,  71,  72. 

— tactile,  169. 

Cortex  of  brain,  157,  158,  162. 

kidney,  134,  135. 

Corti  organ  of,  cells  of,  190,  191. 
Cranial  nerves,  155,  156. 

Cribriform  plate,  22,  172. 

Crown  of  tooth,  97. 
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Crura  cerebri,  155. 

Crystalline  lens,  177,  179,  180,  181,  184. 
Crystalloids,  198. 

Crystals  in  blood,  198. 

Cubic  capacity  (lungs),  86. 

Cystic  duct,  112. 

Death,  from  asphyxia,  197. 

Dendrons,  148. 

Dental  formulae,  98. 

— pulp,  98. 

Dentine  (teeth),  97. 

Dermis,  140. 

Dextrine,  198. 

Dextrose,  [grape  sugar],  115,  198. 
Dialysis,  108,  198. 

Diaphragm,  16,  78. 

— action  of,  in  respiration,  78,  79. 
Diastole  (distension),  65. 

— (heart),  65. 

Diet  (and  dietaries),  129. 
Differentiation  of  cells,  5. 

Diffusion  of  gases,  87. 

Digastric  muscles,  48. 

Digestion,  artificial,  107. 

— purpose  and  means  of,  107. 

Digits  (hands  and  feet),  30. 

Division  of  cells,  5. 

nuclei,  Fig.  5. 

Double  hinge  joint,  44. 

Drill,  reflex  actions  by,  164. 

Drum  of  ear,  187,  188,  191. 

Ductless  glands,  118,  119. 

Ducts,  bile,  hi,  112. 

— hepatic,  [bile  duct],  in,  112. 

— lachrymal,  175. 

— ■ pancreaiic,  115. 

— thoracic,  122. 

Duodenum,  104. 

— secretions  entering,  in. 

Dura  mater,  153,  154,  159,  160. 

Ear,  description  of,  186. 

— external,  186,  187. 

— middle,  187,  188. 

— inner,  189. 

— transmission  of  sound  waves  to 

inner,  191. 

Education  (reflexes),  164. 

Efferent  impulses,  149. 

their  course,  149,  151. 

— nerves,  149. 

Elasticity  of  arterial  walls,  61. 

—  fibrin,  73. 

lungs,  80,  85. 

Elbow-joint,  30,  47,  48. 


Elements  (and  compounds),  n,  14. 

— present  in  human  body,  15. 
Emulsification  of  fats,  105,  115. 
Emulsion,  105,  115,  199. 

Enamel  (teeth),  97. 

— organs  of  special  sensations,  166. 
Endocardium,  54. 

Endolymph  (ear),  189. 

— vibrations  of,  191. 

Energy,  supplied  by  oxidation,  130, 144. 
Enzymes,  200. 

Epidermis  and  epidermal  structures, 
139,  141. 

— as  an  excretory  organ,  142,  159. 

— • cells  of,  139. 

— continual  shedding  ofj  139. 

— growth  of,  140. 

— horny,  139. 

— in  relation  to  dermis,  140. 

— non-vascular,  140. 

— scales  of,  139. 

Epiglottis,  80,  145. 

Epithelium,  auditory,  190. 

— cells  of,  6. 

— ciliated,  6. 

— in  kidney  tubules,  135,  136. 

— of  retina,  179. 

— olfactory,  172. 

Equilibrium,  maintenance  of,  49. 

Erect  position,  how  maintained,  49. 
Ether,  vibrations  of  (light),  182. 
Eustachian  tube,  187,  188. 

— valve,  55. 

Evaporation,  skin,  142. 

Excreta,  107. 

Excretions,  composition  of,  133. 
Excretory  organs,  133. 

Expiration  and  inspiration,  76. 

Expired  air,  86. 

analyses  of,  87. 

Extension  of  limbs,  41. 

Eye,  accommodation  of,  180,  181,  182. 

— as  a camera,  184. 

— blind  spot  of,  183. 

— muscles  of,  175,  176. 

— nerves  to,  175,  177,  179,  183. 

— the,  174. 

— yellow  spot  of,  177,  179,  183. 
Eyeball,  component  parts  of,  175. 
Eyelids  and  eyelashes,  174. 

Face  bones,  22,  24. 

Fat  cells  (adipose),  7,  8. 

Fats,  126. 

— absorption  of,  105. 

— as  foQd,  127. 
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Fats,  emulsification  of,  105,  115. 

Fatty  tissue,  7,  8. 

Fauces,  91. 

Femur,  30. 

Fenestra  ovalis  (ear),  [oval  window], 
188,  189,  191. 

Ferments,  gastric  juice,  100,  101. 

— in  blood.  74. 

in  saliva,  94. 

— organized  and  unorganized,  200 
— • pancreatic  juice,  114. 

Fibres,  circular,  of  eye,  176. 

— motor,  150. 

— muscular,  37. 

— - of  connective  tissue,  8. 

Fibrin,  73,  74. 

— ferment,  74. 

Fibrinogen,  74. 

Fibrous  tissue,  7,  8. 

Fibula,  30. 

Filiform  papillae  (tongue),  170. 

Flexion  of  limbs,  41. 

Fluid,  pericardial,  51. 

Focus,  the,  in  sight,  180. 

Follicles,  hair,  141. 

Foods  (food-stuffs),  absorption  of,  by 
blood,  102,  104,  106,  115,  116. 

— * amount  taken,  129. 

— and  nutrition,  131,  132. 

— changes  in  intestines,  104,  105,  116. 
— - classification,  126. 

— constituents,  126,  127. 

— oxidation  of,  in  the  body,  130,  131, 

143- 

— proximate  principles,  125,  129. 

— value  of,  to  the  body,  129. 

Foot,  bones  of  the,  30. 

Foramen  magnum,  22, 

Frog,  reflexes  in  headless,  163. 

Frog’s  foot,  circulation  in,  60. 
Fulcrum,  relative  positions  of,  45. 
Function,  science  of,  1,  2. 

Fungiform  papillae,  170. 

Gall-bladder,  112. 

— ■ storage  of,  m,  112. 

Ganglia,  149. 

— of  posterior  root,  160. 

— • sympathetic,  148. 

Ganglionic  cells,  150. 

Gases,  in  blood,  87,  88. 

— proportions  in  air,  86. 

Gastric  glands,  100,  104. 

— juice,  100. 

artificial,  107. 

Gastrocnemius  muscle,  47. 


Gelatine,  125,  200. 

Girdles,  shoulder  and  pelvic,  29. 
Glands,  gastric,  92,  104. 

— intestinal,  106. 

— lachrymal,  175. 

— lymphatic,  121,  122. 

— mucous,  92. 

— salivary,  93. 

— sebaceous,  141. 

— structure  of,  92 

— thymus,  119. 

— thyroid,  119. 

Globulin,  196. 

Glomerulus,  135,  137. 
Glosso-pharyngeal  nerve,  172. 
Glottis,  80,  146,  147. 

Glucose,  198. 

Gluten,  125. 

Glycocholic  acid  (bile),  197. 
Glycogen,  113,  200. 

Grape-sugar,  115,  198. 

Grey  matter  of  brain,  149,  158. 

— spinal  cord,  161. 

Gullet,  91,  99. 

— passage  of  fluids  in,  97. 

H.EMATIN,  201. 

Haemin  crystals,  201. 
Haemoglobin,  72,  74. 

— combination  with  oxygen,  74. 

— crystallization,  198. 

Hair,  141. 

Hair-like  processes  (ear),  190. 
Hairs,  growth  of,  fig.  60. 
Haversian  canals,  201. 

— system,  201. 

Hearing,  the  organ  of,  186. 

Heart,  action  of,  64. 

— and  blood  vessels,  56. 

— beat  of,  64. 

— muscular  fibres  of,  38. 

— nerves,  38. 

— of  sheep,  52. 

— position  of,  51. 

— size  of,  51. 

— sounds  of,  66. 

— valves  of,  53,  54,  65. 

Heat,  as  a result  of  oxidation,  143. 

— bodily,  142. 

— producers  (food-stuffs),  127. 

— regulation  of,  142. 

— sensation  of,  142. 

— spots,  167. 

Hepatic  artery,  109. 

— cells,  109,  hi. 

— duct  [bile  duct],  in,  112. 
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Hepatic  vein,  113. 

Hilus  of  kidney,  133. 

Hinge  joints,  44. 

Hip-joint,  43. 

Histology,  definition  of,  1. 

Horns  of  spinal  cord,  161,  162. 
Humerus,  30. 

— its  articulation,  43. 

Humours  of  the  eye,  176,  177,  178,  184. 
Hydrochloric  acid,  13,  195. 

in  gastric  juice,  102. 

Hyoid  bone,  33. 

Ileo-c^cal  valve,  106. 

Ileum,  103,  106. 

Iliac  arteries,  35. 

Ilium,  106, 

Imperfect  joints,  42. 

Impulse,  nervous,  40,  149. 

Incisor  teeth,  98. 

Income  and  expenditure  of  the  body, 
128. 

Incus  or  anvil  bone,  187,  188. 
Innominatum  (nameless),  bone,  45. 
Inorganic  compounds  in  foods,  126 
Insensible  perspiration,  142. 

Insertion  of  muscle,  41. 

Inspiration,  mechanism  of,  76. 

— rate  per  minute,  85. 

Interarticular  cartilages,  34,  43. 
Intercostal  muscles,  78. 

Intestines,  arrangement  and  structure 
of,  102,  105. 

— coats  of,  102, 105. 

— glands  of,  103,  104. 

Inverted  image  on  retina,  181. 

Iris  of  eye,  176,  178,  185 

— muscular  fibres  of,  176. 

Iron,  72. 

Jaw,  lower  and  upper,  95,  96. 

— teeth  in  situ  in,  95,  96. 

Jejunum,  103. 

Joints,  as  examples  of  levers,  45 

— ball-and-socket,  43. 

— classes  of,  42. 

— hinge,  44. 

— knee,  43. 

— of  the  body,  42. 

— perfect  and  imperfect,  42. 

— pivot,  44. 

Jugular  vein,  121. 

Juice,  gastric,  100. 

— pancreatic,  114,  115. 

Jumping,  act  of,  50. 


Kidneys,  description,  133. 

— excretions  from,  137. 

— position  of,  133. 

— structure  of,  134. 

— - tubules  of,  134. 

Knee-joint,  43. 

Labyrinth  of  ear,  189. 

Lachrymal  duct,  and  gland,  175. 
Lacteal  vessels,  105,  122. 

Lactic  acid,  201. 

Lactose  (milk-sugar),  126,  191. 
Lacunae  of  bones,  201. 

Larynx,  action  of,  145. 

— cartilages  of,  80,  144. 

— voice  production  in,  145. 

Layers  of  retina,  179. 

Lens  of  eye  (crystalline  lens),  177,  180, 
182,  183,  184. 

— • — — adjustment  of,  180,  184. 
Levers,  bones  as,  45. 

— • three  orders  of,  46. 

Ligaments,  43. 

— check,  28. 

— round,  43. 

— - suspensory  (of  lens),  177,  180. 

Light,  sensation  of,  182. 

Limbs,  or  appendages,  20. 

Lime,  salts  of,  in  bone,  etc.,  35,  36. 
Lime-water,  effect  of  expired  air  upon, 
87* 

Liquor  pancreaticus,  115. 

— pepticus,  107. 

Liver,  blood  supply,  no. 

— cells  of,  109,  in. 

— description  of,  109. 

— formation  of  urea  by,  113. 

— glycogen  stored  by,  113. 

— position  of,  109. 

— secretions  of,  in. 

— • vessels  of  the,  no. 

— work  of  the,  112,  113. 

Lobes  of  the  brain,  1^4,  ic6. 

liver,  109. 

lungs,  80. 

Lobules  of  liver,  109. 

Locomotion,  mechanism  of,  49 
Losses  of  the  blood,  87,  90. 

body,  128. 

Lung  of  frog,  82. 

Lungs,  20,  80. 

— absorption  of  oxygen  by,  87,  88. 

— as  excretory  organs,  86. 

— elasticity  of,  85. 

— position  of,  77. 

— structure  of,  80. 
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Lungs,  veins  and  arteries  of,  60. 
Lymph  channel,  122,  123. 

— corpuscles,  122. 

— formation  of,  121,  122. 

— movement  of,  123. 

— vessels,  121,  122. 

Lymphatic  glands,  121,  122. 

— system,  120. 

— vessels,  120. 

Malleus  or  hammer  bone,  187,  188. 
Malpighian  capsule  (kidney),  134. 

— layer  or  growing  layer  <.  f skin,  140. 
Maltose,  198. 

Mammals,  21. 

Marrow  (in  bones),  33. 

— red,  33. 

— yellow,  33. 

Mastication,  115. 

Matter,  10. 

— changes  of,  10. 

Maxillary  bones  (jaw-bones),  22,  23. 
Measures,  equivalent,  193. 

Mechanism  of  respiration,  83. 

Medulla  oblongata,  152,  157. 

centre  of,  159. 

function  of,  157. 

injury  to,  result  of,  158. 

of  kidney,  134. 

Medullated  nerve  fibres,  149,  150. 

— nerves,  minute  structure  of,  149, 150. 
Meibomian  glands,  174. 

Membranes,  mucous,  83. 

— of  the  brain,  154,  155. 

— synovial,  34. 

Membranous  labyrinth  (ear),  189,  191. 
Mesentery,  102,  114. 

Metacarpal  bones,  30. 

Metric  system,  193. 

Migration  of  blood  corpuscles,  72. 
Milk,  129. 

— sugar  (lactose),  126,  198. 

— teeth,  98. 

Millon’s  reagent  and  test,  195. 

Mineral  salts  as  food,  127. 

in  blood,  75. 

— * bone,  33,  34,  315. 

Molar  teeth,  98. 

Motion  of  living  body,  4,  49. 

Mouth,  91. 

— epithelial  cells  from  interior  of,  91. 
Movements,  amoeboid,  4,  5,  72,  196. 

— ciliary,  4. 

— muscular,  40. 

— of  joints,  42. 

Mucous  glands,  92,  104. 


Muscle  cells,  8. 

— contractility  of,  37. 

— fibres,  37. 

— nerve  supply,  37. 

— ■ striated,  36. 

— unstriated,  38. 

— weight  of,  124. 

Muscles,  arytenoid,  crico-arytenoid, 
crico-thyroid,  cricoid,  or  muscles 
of  the  larynx,  145. 

— attachment  of,  to  bones,  37,  39. 

— biceps,  41,  47. 

— ciliary,  179,  181. 

— digastric,  48. 

— insertion  and  origin  of,  41. 

— intercostals,  76,  78. 

— kinds  of,  41. 

— oblique  (eye),  175,  176. 

— physical  property  of,  36. 

— physiological  property  of,  37. 

— recti  (of  eye),  175,  176. 

— triceps,  41. 

Muscular  coat  of  arteries,  61. 

— fibres  (heart),  38* 

— - sense,  the,  166. 

— striated  fibres,  36. 

— tissue,  36. 

Musical  notes  and  sounds,  production 
of,  145. 

Myosin  in  muscle,  125. 


Nails,  their  non-vascular  nature,  69. 
Nares  (nostrils),  anterior  and  posterior, 
81,  83. 

Nasal  bones,  23. 

— cavities,  172. 

Neck  (of  tooth),  97. 

Nerve  cells  in  ganglia,  149,  150. 

grey  matter,  150. 

nerve  centres,  149. 

of  spinal  cord,  150. 

— centre,  spinal  cord  as  independ- 

ent, 163. 

— fibres,  148,  149. 

in  blind  spot  (eye),  183. 

white  matter  of  brain  and 

cord,  149. 

medullated,  149. 

nuclei  of,  149. 

-of  ear,  190. 

structure  of,  149. 

Nerves,  afferent  or  sensory,  149. 

— auditory,  190. 

— cardiac,  38. 

— cranial,  155,  156. 

— effect  of  impulses  on,  149. 
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Nerves,  efferent  and  afferent,  149,  163. 

— function  of,  150,  163. 

— medullated,  149. 

— motor,  149. 

— olfactory,  155. 

— optic,  179. 

— posterior  and  anterior  roots  of,  160. 

— sensory,  149,  163 

— spinal,  160. 

— • sympathetic,  148. 

— vaso-motor,  61,  67. 

Nervous  impulse,  transmission  of,  149. 

— system,  148. 

— — controlling  actions,  40. 
Neurilemma,  149. 

Nitrogen,  12. 

— daily  waste  of,  130. 

— in  blood,  73. 

proteids,  125. 

— ■ — urea,  130,  138. 

Nitrogenous,  126. 

— foods,  127. 

Non-medullated  nerve  fibres,  149. 
Non-nitrogenous  foods,  126,  127. 
Non-vascular  tissues,  69. 

Nucleated  cells,  bone  forming,  8. 

— — in  capillaries,  63. 

—  cartilage,  7,  8. 

— ■ — of  epidermis,  6. 

— epithelium,  6. 

Nucleus  (pi.  nuclei),  division  of,  3,  4. 

— in  muscle  fibres,  36,  38. 

nerve  fibres,  149. 

red  corpuscles  (frog),  63. 

— • — white  corpuscles,  72. 

Nutrition,  131,  132. 

— food,  130. 

Oblique  muscles  (eye),  175,  176. 
Occipital  lobe,  154. 

Odontoid  peg,  28. 

CEsophagus,  99. 

Oils,  126,  199. 

Olfactory  epithelium,  172. 

— lobes,  153,  155. 

— membrane,  172. 

— nerves,  172. 

Optic  nerve,  179. 

entrance  of,  179,  183. 

Orbit  of  the  eye,  174. 

Organ  of  Corti  (ear),  190,  191. 

Organic  chemistry,  12. 

— compounds  in  foods,  126. 

Organs,  8. 

Organs  of  special  senses,  166. 

Origin  of  a muscle,  41. 


Osmosis,  132,  202. 

Ossa  innominata  or  hip  bones,  45. 
Ossification  of  cartilage,  34. 

Ovum,  Fig.  5. 

Oxidation,  130,  143,  202. 

— of  proteids,  130. 

tissues,  130. 

Oxygen,  11. 

— absorption  of,  by  lungs,  88. 

— changes  in  blood  by,  87. 

— combination  with  haemoglobin,  89. 


Pain,  sensation  of,  168. 

Palate,  hard,  91. 

— • soft,  91. 

Pallor,  67. 

Pancreas,  114. 

Pancreatic  digestion,  114,  115,  116. 

— juice,  114,  115. 

Papilla,  circum vallate,  170,  171. 

— of  hair,  141. 

Papillae  of  tongue,  170. 

— ■ skin,  168. 

— tactile,  168. 

Papillary  muscles,  54. 

Parietal  bone,  22,  23. 

— lobe,  154.' 

Parotid  gland,  93. 

Patella  (knee-cap),  29,  43. 

Pelvis,  19,  29. 

— of  the  kidney,  135. 

Pepsin,  102,  107,  1 15. 

Peptone,  104,  107,  114. 

— formation  of,  104,  107. 

— solubility  and  diffusibility  of,  107, 

1 14. 

Perfect  joints,  42. 

Pericardial  fluid,  51. 

Pericardium,  51. 

Perilymph,  189,  191. 

Periosteum,  33. 

Peristaltic  action,  105. 

Peritoneum,  103. 

Permeability  of  capillaries,  63. 
Perspiration,  142. 

— sensible  and  insensible,  142. 
Pharyngeal  muscles,  99. 

Pharynx,  99. 

Phlanges,  31. 

Phosphates,  126. 

Phosphorus,  12,  194. 

Physiology,  definition  of,  1. 

Pia  mater,  155,  159,  161. 

Pigment  cells,  60,  141. 

of  choroid,  176. 
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Pigment  cells  of  frog’s  foot,  60. 

Pillars  of  the  diaphragm,  78. 

Pivot  joint,  44. 

Plasma  of  blood,  73. 

— solids  in,  73. 

Pleura,  77. 

Poisoning  by  carbonic  oxide  See 
Asphyxia. 

Pons  Varolii,  153,  156,  158. 

Portal  circulation,  60. 

— vein,  60. 

Position,  erect,  how  maintained,  49 

— relative,  of  organs,  17,  18. 

Posterior  nerve  roots,  160,  16 1. 
Potassium,  12,  15. 

Pressure,  sensations  of,  166. 

Pronation  of  limbs,  30. 

Proteid,  125. 

— action  of  pancreatic  fluid  on,  104, 

1 14. 

— composition,  125. 

— from  blood,  73. 

— materials  as  food,  125,  127. 

— nitrogen  in,  127. 

— reactions  of,  107. 

Protoplasm,  3. 

Ptyalin,  94,  96. 

Pulmonary  circulation,  60. 

— capillaries,  61. 

— vein,  61. 

Pulp  cavity  of  tooth,  98. 

Pulse,  the,  68. 

— • waves,  68. 

Pupil,  constriction  and  dilatation  of, 
177. 

— of  eye,  176,  178. 

Purkinje,  cells  of,  157. 

Pyloric  end  of  stomach,  100,  102. 

— glands,  100,  104. 

Pylorus,  100. 

Pyramids  of  kidney,  134. 

Quadrigemina,  corpora,  155. 

Rabbit,  dissection  of,  51. 

Radial  pulse,  68. 

Radius,  30. 

— articulation  of,  30. 

Reagents,  194,  202. 

Receptacle  for  chyle,  121. 

Recti  muscles  (eye),  175,  176. 

Rectum,  106. 

Red  corpuscles,  71,  72. 

action  of  oxygen  on,  74,  89. 

in  spleen,  118. 

size  and  structure  of,  72. 

14  * 


Red  marrow,  33. 

Reflex  action,  15 1,  164. 

examples  of,  151,  164. 

of  brain,  151. 

—  cord,  164. 

Renal  artery,  58,  134. 

— vein,  134. 

Rennin,  102. 

Reproduction  of  cells,  5,  121,  140. 

amoeba,  3. 

Residual  air,  86. 

Resistance  to  effort,  sense  of,  168. 
Respiration,  air  required  for,  76,  86,  87. 
— • essential  of,  76,  85,  90. 

— internal  (tissue-respiration),  88. 

— mechanism  of,  82. 

— rate  of,  85. 

— waste  from,  87,  90. 

Respiratory  blood  supply,  88. 

— centre,  157. 

— changes,  88. 

— organs,  80,  81. 

Retina,  177,  178. 

— blood  vessels  of,  178. 

— cells  of,  179. 

— formation  of  image  on,  179,  180, 

183. 

— general  appearance  of,  178. 

— inverted  image  on,  181. 

— nervous  structure  of,  179,  183. 

— pigmented  epithelium  of,  179. 
Rhythm  of  heart  beat,  64. 

respiration,  85. 

Ribs,  32. 

Rods  and  cones  (eye),  179,  183, 

function  of,  183. 

Rolando,  fissure  of,  154,  155. 

Roots  of  spinal  nerves,  60. 

— anterior  nerve,  160,  161. 

— posterior  nerve,  160,  161. 

Rotation  of  joints,  41. 

Rouleaux  or  rolls,  formation  of  red  cor- 
puscles, 71. 

Round  ligament,  43. 

Running,  mechanism  of,  49. 

Sacrum  (bone),  26. 

Saliva,  action  of,  94,  95. 

— secretion  of,  94. 

Salivary  glands,  93. 

cells  of,  94. 

Salts,  excretion  by  kidneys,  137. 

— in  blood,  75. 

— — food,  127. 

— urine,  137. 

— of  bile,  1 12,  197. 
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Saponification,  202. 

— by  pancreatic  juice,  115. 
Sarcolemma,  37. 

Scala  (of  ear),  190,  191. 

Scales,  epidermal,  139. 

— shedding  of,  139. 

Scapula  (bone),  29. 

Sclerotic  of  eye,  175,  177. 

Sebaceous  glands,  141. 

Secretions  of  kidney,  135. 

Secretory  nerves,  149. 

Semicircular  canals  (ear),  187,  189, 191. 
Semilunar  valves,  54. 

Sensations,  163. 

— auditory,  191. 

— of  light,  182,  183. 

pain,  165,  168. 

touch  (tactile),  165,  168. 

Sense,  muscular,  166. 

— of  hearing,  166. 

sight,  165. 

— • — smell,  165,  172. 

— • — - taste,  165,  171,  172. 

touch,  165,  168. 

— • organs  (organs  of  the  senses),  166. 
Sensible  perspiration,  142. 

Septum  (nose),  172. 

Serous  fluid,  77. 

— • membranes,  77,  100. 

Serum,  73. 

— albumen,  73. 

— • globulin,  73. 

Shaft  (of  bones)  as  levers,  30,  45. 
Sheep,  dissection  of  heart  of,  52. 
Shoulder-joint,  43. 

Sight,  protective  mechanisms  of,  174. 
— • sensation  of,  182. 

Skeleton,  weight  of,  21. 

Skin  and  heat  regulation,  142. 

— as  an  excretory  organ,  139,  142 
— • effect  on  kidneys,  138. 

— structure  and  functions  of  the,  139 
Skull,  21. 

— bones  of,  21,  22. 

— number  of  bones  in,  21, 

Smell,  organ  of,  172. 

Sniffing,  173. 

Sodium  chloride  (common  salt),  12,  13. 
Solids  of  the  body,  124. 

Sounds  of  heart,  66. 

— transmission  of,  to  ear,  191. 

Special  senses,  165. 

Speech,  mechanism  of,  145. 

Sphincter  muscle  of  bladder,  1 37. 

— of  rectum,  106. 

— pyloric,  104. 


Spinal  cord,  as  a nervous  centre,  163, 
164. 

— — description  of,  159,  160,  16  r. 

— • — fissures  of,  i6r,  162. 

grey  and  white  matter  of,  161. 

— — properties  and  functions  of,  163, 

164. 

reflex  action  through,  164. 

— - — transmission  of  impulses  by,  163. 

— nerves,  160. 

— ganglia,  160. 

Spleen,  117. 

— appearance  and  functions  of  the, 

178,  179. 

— pulp,  1 18. 

Splenic  artery  and  vein,  117. 

Spot,  blind  (of  eye),  183*  184. 

— yellow  (of  eye),  183. 

Stapes  (stirrup)  bone  of  ear,  187,  188, 
191- 

Starch,  198. 

— action  of  ptyalin  on,  94. 

— as  food,  125. 

— - conversion  of,  into  sugar,  94,  96. 
Sternum,  32. 

Stimulation  of  muscles,  37. 

nerves,  37. 

Stimuli,  kinds  of,  37. 

Stimulus,  150. 

Stomach,  99. 

— general  description  of,  99 

— walls  (coats)  of,  100. 

Striped  muscle,  41. 

-in  heart,  38. 

Sublingual  gland,  93. 

Submaxillary  gland,  93. 

Sugar  198. 

— as  a food,  126. 

— conversion  of  glycogen  into,  113, 

125. 

— - from  starch,  94. 

intestines,  105. 

Sulphur,  12,  194. 

— in  proteids,  12. 

Supination  of  limbs,  30. 

Supra-renal  capsules,  119. 

Swallowing,  99. 

Sweat,  142. 

— glands,  14  r. 

— secretion  of,  142. 

Sweetbread  (pancreas),  114. 

Sylvius,  fissures  of,  154. 

Symmetry,  bilateral,  of  body,  16. 
Sympathetic  nerve,  148. 

— system,  148. 

Synovia  and  synovial  membrane,  33, 43. 
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Systole  and  diastole,  contraction  and 
distension  of  heart,  64,  65. 

Tactle  corpuscles,  168. 

— impressions,  168,  169. 

— - sensations,  168,  169. 

Taste  buds,  171. 

— organ  of,  170. 

Taurocholates  (bile),  197. 

Tears,  secretion  of,  175. 

Teeth  structures,  97,  98. 

Temperature  effect  of,  142. 

— ■ of  body,  131,  142. 

— — ■ >■  expired  air,  87. 

Temporal  bones,  22,  23. 

— lobe,  154,  156. 

Tendon  of  Achilles,  47. 

Tendons,  37. 

Thigh,  bones  of,  30. 

Thoracic  duct,  12 1,  122. 

Thorax,  16,  76,  77. 

— organs  within  the,  19. 

Thought,  153. 

Thymus  gland,  itc. 

Thyroid  cartilage,  80,  144,  145,  146. 

— gland,  1 19. 

Thyroid-arytenoid  muscle  of  larynx, 
146. 

Tibia,  30. 

Tidal  air,  86. 

Tissue,  5. 

— adipose,  7. 

— cancellous,  33 

— cartilaginous,  8. 

— connective,  8. 

— epithelial,  6. 

— ■ muscular,  8. 

— osseous,  8. 

— ■ white  fibrous,  7. 

— yellow  elastic,  7. 

Tissue-formers  (foods),  127. 

Tissues,  minute  structures  of,  5. 

— of  the  body,  5. 

— oxidation  and  respiration  of,  88,  90. 
Tongue,  91. 

Tonsils,  91. 

Touch,  sense  of,  168. 

— ■ varying  sensibility  to,  169. 

Trachea,  80,  81. 

— ciliated  cells  in,  83. 

Trapezium,  44. 

Triceps  muscle,  41. 

Tricuspid  valve,  53. 

Trommer’s  test,  194. 

Trypsin,  114. 

Tube,  Eustachian,  188. 


Tubules  of  kidney,  134. 

Turbinate  bones,  24,  172. 

Tympanic  membrane  (tympanum), 
187,  191. 

Tympanum,  187. 

Ulna,  30. 

— articulation  of,  30. 

Unstriated  muscle,  38. 

— — in  alimentary  canal,  103. 

—  bladder,  136. 

— coats  of  arteries,  61. 

Urea,  137. 

— chemistry  of,  137. 

— quantity  of,  excreted  daily,  137. 
Ureters,  135. 

Urethra,  136. 

Uric  acid,  137. 

Urine,  137. 

— amount  of,  excreted  daily,  137. 

— composition  of,  137. 

Uvula,  91. 

Valves,  course  of  circulation  governed 
by,  62,  66. 

— • ileo-caecal,  io5. 

— in  arteries,  62. 

— - — • lymphatics,  120. 

— — veins,  62. 

— of  heart,  53,  54. 

Valvulae  folds  across  the  small  intestine, 
103. 

Varolii,  Pons,  153,  158. 

Vascular  membranes,  67. 

— system,  56. 

— tissue,  69. 

Vaso  - constrictor  nerves  of  blood 
vessels,  67. 

Vaso-motor  centres  in  the  medulla,  67, 
157- 

Veins,  57,  58. 

— • collapse  of,  62. 

— coronary,  60. 

— hepatic,  113. 

— jugular,  12 1. 

— portal,  60,  109. 

— pulmonary,  61. 

— • splenic,  117. 

— structure  of,  59,  62. 

— valves  in,  59. 

Vena  cava,  inferior,  60. 

superior,  60. 

— porta  (portal  vein),  60. 

Venous  blood,  88. 

production  of,  88. 

Ventricles,  contraction  of  the,  65. 
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Ventricles,  contraction  of  the  heart, 
65- 

— thickness  of  walls  of,  54. 

Vermiform  appendix,  106. 

— movement  (peristaltic  movement), 

105. 

Vertebrae,  bodies  of,  25. 

— cervical,  26. 

— dorsal,  26. 

— fusion  of,  in  sacrum  and  coccyx, 

26. 

— lumbar,  27. 

Vertebral  column,  16,  24. 

— foramina,  26. 

Vestibule  of  ear,  189, 

Vibrations  affecting  auditory  nerve 
fibres,  191. 

— in  endolvmph,  191. 

— - — the  ossicles,  191. 

tympanum  or  drum,  191. 

vocal  cords,  145. 

Villi,  absorption  by,  105. 

— and  lacteals  of  small  intestine, 

>03. 

— structure  of,  103,  105. 

Vitreous  humour  (eye),  177,  178,  184. 
Vocal  cords,  145,  146. 

voice  due  to,  145. 

Voice,  production  of,  145, 

— quality  and  range  of,  145. 
Voluntary  muscle,  36. 

— — contraction  of,  37. 

Vorticella,  3. 

Vowel  sounds,  formation  of,  147. 


Walking,  49. 

Walls,  bony,  of  thorax,  76,  77. 

Waste,  as  result  of  work,  130. 

— • in  respiration,  90. 

— made  good  by  nutrition,  124,  128. 

— matters  in  blood,  70. 

— — — tissues,  130. 

— nitrogenous,  137. 

Water,  absorption  of,  by  large  intes- 
tine, 106. 

— excretion  of,  by  kidneys,  lungs,  and 

skin,  90,  137,  142. 

— in  foods,  176. 

Weight  of  body,  124. 

— — component  parts,  124. 

Weights  and  measures,  193. 

White  or  colourless  corpuscles  of 
blood,  71,  72. 

— corpuscles,  amoeboid  movements, 

71,  72. 

as  typical  nucleated  cells,  72. 

in  spleen,  118. 

— — relative  number  of,.  72. 

— fibrous  tissue,  7,  8. 

— matter  of  brain,  149,  158. 

— — of  cord,  149,  161. 

Winking,  175. 

Wisdom  teeth,  98. 

Work,  physiological,  133. 

— and  waste,  130. 

Wrist,  bones  of,  30. 

Yellow  elastic  tissue,  7. 

— spot  (eye),  183. 
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Citizenship 

Home  and  State : An  Elementary  Book  on  Economics  and  Civics. 
By  Susan  Cunnington,  Wiston’s  School,  Brighton.  Author  of  “The 
Story  of  Arithmetic,”  etc.  Crown  8vo,  2s.  6d. 

This  book  is  for  the  Upper  Forms  in  schools,  and  gives  in  simple  language 
an  account  of  the  fundamental  principles  which  underlie  our  modern 
economic  and  political  conditions.  Throughout  the  present  has  been 
connected  with  the  past,  by  noting  the  beginnings  of  corporate  life  and 
effort,  and  by  tracing  the  development  of  political  institutions. 

The  desirability  of  cultivating  an  intelligent  patriotism  is  acknowledged 
by  all,  and  there  is  a growing  recognition  that  this  can  best  be  done,  as  in 
this  book,  by  training  in  the  young  a conception  of  the  value  and  meaning 
of  civic  and  social  responsibility. 

A London  Header  for  Young1  Citizens,  By  W.  G.  Foat,  M.A., 

D.Litt.  Crown  8vo,  is.  6d.  (See  p.  8.) 

Tlie  Ilights  and  Duties  of  the  English  Citizen.  By  H.  E.  Malden, 
M.A.  Seventh  Edition.  Crown  8vo,  is.  6d.  (See  p.  21.) 

Commerce 

Commercial  Law.  By  W.  Douglas  Edwards.  Second  Edition. 
Crown  8vo,  2s,  [Commercial  Series. 

A comprehensive  outline  of  the  Commercial  Law  of  England  adapted 
for  students.  As  far  as  possible  technical  phraseology  has  been  avoided, 
and  the  book  has  not  been  burdened  with  legal  decisions. 

Commercial  Examination  Papers.  By  H.  de  B.  Gibbins,  Litt.D., 
M.A.  Crown  8vo,  is.  6d.  [ Commercial  Series. 

A volume  of  Examination  Papers  on  Commercial  Geography,  Commercial 
History,  Book-keeping,  Business  and  Office  Work,  Commercial  French,  and 
Commercial  German. 

Th©  Economics  of  Commerce.  By  H.  de  B.  Gibbins,  Litt.D.,  M.A. 
Second  Edition.  Crown  8vo,  is.  6d.  [ Commercial  Series. 

This  book  presents  in  a simple,  popular,  and  elementary  way  the  main 
economic  principles  which  underlie  modern  commerce. 

A Primer  of  Business.  By  S.  Jackson,  M.A.  Fourth  Edition. 
Revised  and  Enlarged.  Crown  8vo,  is.  6d.  [ Commercial  Series. 

A sketch  in  a readable  yet  exact  form  of  the  salient  points  in  the  theory 
and  practice  of  Modern  Commerce.  In  addition  to  such  fundamental 
subjects  as  Exchanges,  Banking,  and  Insurance,  it  contains  some  account 
of  Office-work,  Book-keeping,  Correspondence  with  Examples,  and  in 
particular,  the  best  devices  for  sorting  papers,  docketing  letters,  reckoning 
dates,  etc.,  are  fully  explained. 

An  Entrance  Guide  to  Professions  and  Business.  By  H.  Jones. 
Crown  8vo,  is.  6d.  [ Commercial  Series. 

This  book  deals  with  three  professions  and  a large  number  of  trades,  and 
shows  the  qualities  necessary  to  success  in  each,  the  age  at  which  it  is  best 
to  begin,  the  conditions  of  preparation,  and  the  cost  of  all  that  is  preliminary 
to  the  boy’s  earning  his  own  living. 
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Precis  Writing  and  Office  Correspondence.  By  E.  E.  Whitfield, 
M.A.  Second  Edition.  Crown  8vo,  2s.  [ Commercial  Series. 

The  subjects  dealt  with  here  are  Business  Correspondence  in  General, 
Circulars  and  Advertisements,  Sale  and  Purchase,  Carrying  Trade,  Trans- 
mission of  Money,  Precis,  Civil  Service  Precis,  Commercial  Precis,  Applica- 
tion of  Precis  to  Journalism,  Application  of  Precis  to  Foreign  Languages. 

For  other  books  on  Commerce , see  also  under  "French”  “ German” 

" Geography "History,”  "Mathematics” 

Divinity 

The  First  Book  of  Kings.  Edited  by  A.  E.  Rubie,  D.D.,  Head- 
master of  Eltham  College.  With  4 Maps.  Crown  8vo,  2s. 

[ Junior  School  Books. 

The  Gospel  according  to  St.  Mark.  Edited  by  A.  E.  Rubie,  D.D. 
With  3 Maps.  Crown  8vo,  is.  6d.  \_Junior  School  Books. 

The  Acts  of  the  Apostles.  Edited  by  A.  E.  Rubie,  D.D.  With  3 
Maps,  Crown  8vo,  2s.  [Junior  School  Books. 

The  Gospel  according  to  St.  Matthew.  Edited  by  E.  W.  South, 
M.A.  With  3 Maps.  Crown  8vo,  is.  6d.  [Junior  School  Books. 

The  Gospel  according  to  St.  Luke.  With  an  Introduction  and  Notes 
by  W.  Williamson,  B.A.  With  3 Maps.  Crown  8vo,  2s. 

[Junior  School  Books. 

These  editions  are  designed  primarily  for  those  preparing  for  junior  ex- 
aminations such  as  the  Junior  Locals,  and  those  of  the  Joint  Board.  At  the 
same  time  they  will  also  prove  useful  for  those  preparing  for  higher  examina- 
tions, such  as  the  Higher  Certificate.  The  editors  have  tried  to  make  the 
introduction  and  notes  as  stimulating  as  possible,  and  to  avoid  mere  “cram.” 

A Primer  of  the  Bible.  By  W.  H.  Bennett,  M.A.,  Professor  of  Old 
Testament  Exegesis  at  New  and  Hackney  Colleges,  London.  With  a 
concise  Bibliography.  Fifth  Edition.  Crown  8vo,  2s.  6d. 

This  Primer  sketches  the  history  of  the  books  which  make  up  the  Bible  in 
the  light  of  recent  criticism.  It  gives  an  account  of  their  character,  origin, 
and  composition,  as  far  as  possible  in  chronological  order,  with  special 
reference  to  their  relations  to  one  another,  and  to  the  history  of  Israel  and 
the  Church. 

Old  Testament  History  for  Use  in  Schools.  By  W.  F.  Burnside, 
M.A.,  Headmaster  of  St.  Edmund’s  School,  Canterbury.  Fourth 
Edition.  Crown  8vo,  3s.  6d. 

A Fifth  Form  textbook  written  in  the  belief  that  it  is  possible  with  all 
reverence  to  tradition  to  make  the  Old  Testament  a real  living  force  in 
religious  education. 

The  Student’s  Prayer  Book.  The  Text  of  Morning  and  Evening 
Prayer  and  Litany.  By  W.  H.  Flecker,  M.A.,  D.C.L.,  Head- 
master of  the  Dean  Close  School,  Cheltenham.  With  an  Intro- 
duction and  Notes.  Crown  8vo,  2s.  6d. 

An  edition  arranged  for  the  Local  Examinations.  The  Notes  are  at  the  foot 
of  the  page,  and  so  arranged  that  they  are  on  the  same  page  as  the  text  to  which 
they  refer,  thus  avoiding  the  necessity  of  constantly  turning  over  the  pages. 

An  English  Church  History  for  Children.  By  Mary  E.  Shipley. 
With  a Preface  by  William  E.  Collins,  D.D.,  Bishop  of  Gibraltar. 
Two  Volumes,  crown  8vo,  2s.  6d.  net  each.  Vol.  I.,  a.d.  597-1066, 
xvi  + 253  pp.,  with  12  Illustrations  and  3 Maps;  Vol.  II.,  a.d.  1066- 
1500,  xi  + 351  pp.,  with  12  Illustrations  and  1 Map. 

“This  instructive  little  book  is  very  well  written,  and  furnished  with  a 
good  index,  and  rendered  attractive  by  beautiful  illustrations.” — Record. 

‘ * We  almost  live  in  a past  age  as  we  read  chapter  after  chapter  of  this 
excellent  book." — Church  Bells. 
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Junior  Scripture  Examination  Papers : Old  Testament,  By 
W.  Williamson,  B.A.  Fcap.  8vo,  is.  [ Junior  Examination  Papers. 

A Series  of  Examination  Papers  on  the  books  of  the  Old  Testament, 
usually  prescribed  for  the  “Local”  and  other  Examinations.  There  are 
seventy-two  Papers  (each  of  ten  questions)  covering  the  whole  ground,  and 
graduated  in  difficulty.  The  easier  papers  would  be  suited  to  the  Pre- 
liminary Local  Examination,  while  the  more  difficult  would  meet  the 
requirements  of  any  school  examination  in  the  subject. 

Junior  Scripture  Examinations:  New  Testament.  By  W. 

Williamson,  B.A.  Fcap.  8vo,  is.  [ Junior  Examination  Papers. 

A Series  of  Examination  Papers  on  the  Gospels,  the  Acts  of  the  Apostles, 
and  certain  of  the  Epistles,  designed  to  meet  the  requirements  of  the 
' ‘ Local  ” Examinations,  and  of  the  periodical  revision  of  the  subject  in 
school.  There  are  seventy-two  papers  (each  of  ten  questions),  so  arranged 
as  to  cover  the  whole  ground  and  as  far  as  possible  on  a scale  of  increasing 
difficulty. 

The  easier  Papers  would  be  suitable  for  the  Preliminary  Local  Examina- 
tion, while  the  harder  would  meet  the  requirements  of  any  school  examination 
in  the  subject. 

Stories  from  the  Old  Testament.  By  E.  M.  Wilmot-Buxton, 
F.R.Hist.S.  Crown  8vo,  is.  6d.  [Beginner's  Books. 

These  stories  have  been  told  in  the  simple  and  dignified  words  of  the  Bible, 
with  brief  explanations  where  necessary,  and  selected  so  as  to  show  the  con- 
tinuity of  the  Divine  dealings  with  the  Hebrew  people  in  preparation  for  the 
revelation  of  the  New  Testament. 

An  attempt  has  been  made  to  avoid  the  chief  difficulty  met  with  in  teaching 
the  Old  Testament  to  children,  by  basing  these  stories  on  the  firm  founda- 
tion of  spiritual  rather  than  literal  inspiration.  It  is  hoped  that  by  showing 
that  they  are  concerned  rather  with  values  than  with  supernatural  history, 
they  may  never  have  to  be  unlearnt  or  unduly  modified  in  later  years. 

Stories  from  the  New  Testament.  By  E.  M.  Wilmot-Buxton, 
F.R.Hist.S.  Crown  8vo,  is.  6d.  {Beginner’s  Books. 

Arranged  in  the  form  of  consecutive  stories,  with  brief  explanations  and 
connecting  links  where  necessary,  this  volume  forms  a complete  life  of 
Christ,  together  with  an  account  of  the  Early  Church  and  the  life  of  St. 
Paul.  The  stories  are  told  almost  entirely  in  the  words  of  the  Bible,  and 
form  a companion  volume  to  “Stories  from  the  Old  Testament,"  by  the 
same  author. 

Domestic  Science 

Millinery,  Theoretical  and  Practical.  By  Clare  Hill.  Fifth 
Edition.  Crown  8vo,  2s.  [Textbooks  of  Technology. 

A treatise,  concise  and  simple,  containing  all  required  for  the  City  and 
Guilds  of  London  Examination,  and  providing  a suitable  course  for  evening 
classes. 

Instruction  in  Cookery.  By  A.  P.  Thompson,  Instructress  to  the 
London  County  Council.  With  10  Illustrations.  Crown  8vo,  2s.  6d. 

[Textbooks  of  Technology. 

The  most  suitable  form  of  syllabus  and  the  best  practical  examples  for 
demonstration  are  discussed  at  some  length. 

How  to  make  a Dress.  By  J.  A.  E.  Wood.  Fourth  Edition. 
Crown  8vo,  is.  6d.  [Textbooks  of  Technology. 

A short  textbook  based  on  the  syllabus  of  the  City  and  Guilds  of  London 
Institute  Examination. 
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English 

Selections  from  English  Literature.  Vol.  II.  (1700  to  the  Present 
Day).  By  H.  N.  Asman,  M.A.,  B.D.,  Second  Master  of  Owen’s 
School,  Islington.  Crown  8vo,  2s. 

This  is  the  second  of  two  volumes  of  selections  that  have  been  prepared 
for  use  with  Messrs,  Methuen’s  “English  Literature,”  by  F.  J.  RahU, 
M.A. , B.Sc. 

The  period  covered  is  1700  to  the  present  day.  The  extracts  from  prose, 
poetry,  and  drama  have  been  chosen  to  illustrate  the  various  aspects  of  the 
work  of  the  leading  authors,  and  the  general  development  of  the  literature 
of  the  period.  Care  has  been  taken  that  the  selections  should  all  be 
thoroughly  worth  studying. 

A First  Course  in  English.  By  W.  S.  Beard.  Crown  8vo,  is.  6d. 

[Beginner’s  Books. 

This  book  is  a working  class-book  in  English  for  the  Lower  Forms  of 
Secondary  Schools  and  pupils  in  Primary  Schools.  First,  it  provides,  side 
by  side,  a progressive  course  in  analysis  and  elementary  composition ; the 
use  of  words  and  their  relation  to  each  other  in  sentences.  The  exercises 
for  practice  are  very  numerous,  varied,  and  carefully  graduated  ; many 
exercises  are  adapted  for  oral  composition.  Second,  it  provides  a textbook 
of  the  leading  principles  of  grammar — accidence  and  elementary  syntax — 
which  will  enable  young  pupils  to  apply  these  principles  intelligently,  step 
by  step,  to  practical  work  in  analysis  and  parsing.  The  book  is  specially 
suitable  as  an  introductory  course  to  “A  Junior  English  Grammar”  (which 
is  a volume  in  the  same  series).  Sets  of  Examination  Questions  are  included 
which  will  furnish  useful  preparation  for  the  Oxford  and  Cambridge  Pre- 
liminary and  the  College  of  Preceptors  Examinations ; also  for  pupils  in 
Primary  Schools  preparing  for  County  Council  Scholarships. 

The  Story  of  Milton’s  “Paradise  Lost.”  Narrated  for  the  most 
part  in  the  actual  words  of  the  Poet.  By  George  Carter,  M.A., 
Headmaster  of  New  College  School,  Oxford.  Crown  Svo,  is.  6d. 

The  main  feature  of  this  book  is  that  the  story  of  “Paradise  Lost”  is 
narrated  for  the  most  part  in  the  actual  words  of  the  poet,  but  where  this 
was  found  to  be  impracticable,  short  original  passages  are  introduced  to 
preserve  the  continuity  of  the  story.  Most  of  the  classical  and  other 
allusions,  which  contribute  little  or  nothing  to  the  development  of  the  story, 
are  omitted.  Concise  footnotes  are  added  to  explain  difficult  or  obsolete 
words. 

The  book  is  prefaced  with  a “Short  Sketch  of  the  Life  and  Works  of 
Milton,”  and  a Synopsis  of  “ Paradise  Lost”  is  also  added. 

English  Literature  for  Schools.  By  E.  E.  Firth,  History  Mistress 
at  the  High  School,  Croydon,  Author  of  “A  First  History  of  Greece.” 
With  4 Maps.  Cr.  8vo,  2s.  6d.  [Junior  School  Books. 

There  are  five  points  in  this  excellent  Introduction  to  English  Literature. 
First,  by  comparison,  the  importance  and  the  style  of  the  various  writers  are 
shown.  Second,  many  illustrations  of  their  works  are  given,  and  the  reader 
thus  gains  a knowledge  of  the  style  of  the  great  writers.  Third,  all  difficulties 
are  explained  by  notes  at  the  foot  of  the  page.  Fourth,  short  summaries  of 
the  chief  historical  events  of  the  period  are  given,  with  brief  explanations  of 
the  political,  social,  and  religious  tendencies  of  the  times.  Thus  the  reader 
realises  that  all  great  writers  are  representative  of  the  ideas  of  their  genera- 
tion. Fifth,  maps  have  been  prepared  to  enable  the  reader  to  realise  the 
local  environment  of  the  great  writers. 

A.t  the  end  of  each  chapter  are  to  be  found  summaries,  sets  of  questions, 
and  also  suggestions  for  further  reading. 
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Ballads  of  the  Brave : Poems  of  Chivalry,  Enterprise,  Courage,  and 
Constancy.  From  the  Earliest  Times  to  the  Present  Day.  By 
F.  Langbridge,  M.A.,  D.Litt.,  Canon  of  St.  Munchin’s,  St.  Mary’s 
Cathedral,  Limerick.  Fourth  and  Revised  Edition,  with  Notes.  Crown 
8vo,  3s.  6d. 

In  this  new  edition  Canon  Langbridge  has  replaced  all  outworn  matter  by 
new  poems,  carrying  the  story  and  the  interest  down  to  the  present  hour. 
In  addition  to  the  best  chivalric  verse  of  Scott,  Byron,  Campbell,  Keats, 
Tennyson,  Browning,  Macaulay,  Aytoun,  Kingsley,  William  Morris, 
Sir  F.  Hastings  Doyle,  the  edition  includes  many  copyright  poems  in  praise 
of  gallant  thought  or  gallant  deeds  by  the  Poet  Laureate,  Watts-Dun  ton, 
George  Barlow,  Conan  Doyle,  Owen  Seaman,  Kipling,  Newbolt,  Noyes. 
It  is  a book  for  all  who  love  and  are  proud  of  England,  for  all  who  love 
chivalry,  adventure,  and  gallant  pastime ; pre-eminently,  it  is  a book  for 
high-spirited  boys.  It  begins  with  the  “ Siege  of  Troy  ” and  ends  with  a 
“Song  of  Federation,”  a call  to  the  Boy  Scouts,  and  England’s  claim  to 
wield  for  ever  “The  Sceptre  of  the  Sea.’’  Careful  notes,  historical,  critical, 
philological,  are  given  separately  from  the  text. 

A Short  Story  of  English  Literature.  By  Emma  S.  Mellows. 
Crown  8vo,  3s.  6d. 

The  story  of  the  beginning  and  growth  of  English  literature  told  in  a very 
simple  form  for  schools  and  the  home.  In  addition  to  describing  the 
literature  and  writers,  some  space  is  given  to  describing  the  character  of  the 
age  under  consideration. 

Higher  English.  By  F.  J.  Rahtz,  M.A.,  B.Sc.,  Senior  Lecturer 

at  Merchant  Venturers’  Technical  College,  Bristol.  Fifth  Edition. 
Crown  8vo,  3s.  6d. 

This  book  provides  a much-needed  course  in  the  study  of  modern  English, 
suitable  for  pupils  in  the  Upper  Forms  of  Secondary  Schools.  Examination 
Papers  set  recently  at  London  University  are  added. 

Junior  English.  By  F.  J.  Rahtz,  M.A.,  B.Sc.  Fifth  Edition. 

Crown  8vo,  is.  6d. 

This  book  is  intended  for  the  Lower  Forms  of  Secondary  Schools.  It 
deals  with  Grammar,  the  Construction  of  Phrase  and  Sentence,  Analysis, 
Parsing,  Expansion,  Condensation,  Composition,  and  Paraphrasing,  and 
many  other  Exercises  in  the  use  of  English.  The  Questions  and  Exercises 
are  numerous  and  varied. 

English  Literature.  By  F.  J.  Rahtz,  M.A.,  B.Sc.,  Senior  Lecturer 
in  English  at  the  Merchant  Venturers’  Technical  College,  Bristol. 
Author  of  “Higher  English,”  “Junior  English.”  Crown  8vo,  2s.  6d. 

This  work  is  suitable  for  pupils  in  the  Upper  Forms  of  Secondary  Schools, 
and  also  for  older  students.  Its  aim  is  to  review  in  a general  but  critical 
manner  the  groundwork  of  English  Literature.  Special  attention  has 
therefore  been  paid  to  the  course  of  the  development  of  our  literature ; 
the  general  characteristics  of  each  period  and  the  external  influences 
bearing  upon  it  are  carefully  explained.  The  work  and  style  of  the  greater 
authors  are  discussed  in  some  detail,  and  brief  illustrative  extracts  from 
their  works  are  given ; lesser  authors  are  treated  in  due  proportion. 
Questions,  many  of  which  are  suggestive  and  require  further  thought  and 
study,  are  appended  to  each  chapter. 

The  book  will  be  found  useful  for  such  examinations  as  the  Cambridge 
Senior  Local  and  London  Matriculation,  and  will  form  an  excellent 
foundation  for  more  advanced  examinations. 

Selections  from  English  Literature.  Vol.  I.  (1350-1700).  By  F.  J. 
Rahtz,  M.A.,  B Sc.,  Senior  Lecturer  in  English  at  the  Merchant 
Venturers’  Technical  College,  Bristol.  Crown  8vo,  2s. 

It  is  important  for  the  student  to  have  a first  hand  acquaintance  with 
the  authors  themselves  beyond  what  may  be  obtained  from  the  brief 
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extracts  given  in  the  English  Literature  above  described.  For  this  purpose 
two  volumes  of  Selections,  uniform  with  the  “English  Literature,”  have 
been  prepared.  The  present  volume  covers  the  period  from  1350  to  1700. 
Extracts  are  given  from  prose,  poetry,  and  the  drama.  In  dealing  with 
verse,  complete  poems  have  been  given  where  space  would  permit ; and 
in  the  case  of  the  drama,  prose,  and  longer  poems,  the  extracts  are  such 
as  should  be  intelligible  by  themselves  or  with  the  aid  of  brief  prefatory  notes. 
As  a rule,  the  space  devoted  to  an  author  is  in  proportion  to  his  importance. 

Junior  English  Examination  Papers.  By  W.  Williamson,  B.A., 
Fcap.  8 vo,  is.  \_  Junior  Examination  Series. 

This  book  contains  Seventy-two  Papers  of  Ten  Questions  each,  and  will 
be  found  to  meet  the  requirements  of  all  the  Examinations  in  English  usually 
taken  in  Schools  up  to  the  “ Senior  Locals.” 

A Class-Book  of  Dictation  Passages.  By  W.  Williamson,  B.A. 
Fifteenth  Edition.  Crown  8vo,  is.  6d.  [ Junior  School  Books. 

160  passages  chosen  from  a wide  field  of  modern  literature  on  account  of 
the  large  number  of  words  they  contain. 

A Junior  English  Grammar.  By  W.  Williamson,  B.A.  With 
numerous  passages  for  Parsing  and  Analysis,  and  a chapter  on  Essay 
Writing.  Fourth  Edition.  Crown  8vo,  2s.  [ Junior  School  Books. 

In  this  book  the  author,  while  following  the  lines  usually  adopted,  restates 
many  of  the  Definitions,  reducing  their  number  as  far  as  possible.  He  en- 
deavours to  simplify  the  classification  of  the  parts  of  speech,  and  pays 
considerable  attention  to  the  Gerund.  To  give  freshness  and  a sense  of 
reality  to  the  subject,  the  examples  in  illustration  of  rules  are  taken  from  the 
everyday  life  of  young  people. 

Easy  Dictation  and  Spelling.  By  W.  Williamson,  B.A.  Eighth 
Edition.  Fcap.  8vo,  is.  [ Beginner's  Books. 

This  book  contains  many  interesting  passages  from  English  classics  chosen 
on  account  of  the  large  number  of  everyday  words  which  they  contain. 

An  Easy  Poetry  Book.  Selected  and  Arranged  by  W.  Williamson, 
B.A.  Second  Edition.  Crown  8vo,  is.  [Beginner' s Books. 

A little  book  for  pupils  of  twelve  or  thereabouts.  It  is  believed  that  all 
the  selections  are  good  as  poetry,  healthy  and  invigorating  in  thought,  and 
suited  to  the  capacity  of  beginners. 

Readers 

The  Baring-Gould  Selection  Header.  By  S.  Baring-Gould,  M.A. 
Arranged  by  G.  H.  Rose.  With  15  Illustrations  and  a Map.  Crown 
8vo,  is.  6d. 

The  Baring-Gould  Continuous  Header.  By  S.  Baring-Gould, 
M.A.  Arranged  by  G.  H.  Rose.  With  5 Illustrations  and  a Map. 
Crown  8vo,  is.  6d. 

Two  readers  for  Upper  Standards,  from  the  novels  and  topographical 
works  of  Mr.  Baring-Gould. 

Stories  from  Dickens.  By  Joyce  Cobb.  Crown  8vo,  is.  6d. 

Stories  from  Italian  Homance.  By  Susan  Cunington.  Crown 
8vo,  is.  6d. 

Stories  from  Bunyan.  By  E.  L.  Elias.  Crown  8vo,  is.  6d. 

A London  Reader  for  Young  Citizens.  By  F.  W.  G.  Foat, 
D.Litt.,  M.A.,  Lecturer  in  History  and  English  at  the  City  of  London 
College,  Assistant  Master  at  the  City  of  London  School.  With  Plans 
and  Illustrations.  Crown  8vo,  is.  6d. 

In  fifty  short  sections,  each  forming  a complete  “lesson,”  the  story  of 
London  is  told.  The  treatment  is  that  of  the  interesting  class-lecture,  not 
that  of  the  formal  history. 


LIST  OF  EDUCATIONAL  BOOKS 


9 


A Health  and  Temperance  Reader.  By  H.  Major,  B.A.,  B.Sc., 
Inspector  to  the  Leicester  Education  Committee.  Crown  8vo,  is. 

In  diction  and  style  suitable  for  children  in  Standards  V.,  VI.,  and  VII. 
in  Elementary  Schools. 

The  Rose  Reader.  By  Edward  Rose.  With  numerous  Illustrations, 
some  of  which  are  Coloured.  Crown  8vo,  2s.  6d.  And  in  Four  Parts. 
Parts  I.  and  II.,  6d.  each  ; Part  III.,  8d.  ; Part  IV.,  iod.  Introduction 
for  the  Teacher  separately,  6d. 

A reader  on  a new  and  original  plan.  The  distinctive  feature  of  this  book  is  the 
entire  avoidance  of  irregularly-spelt  words  until  the  pupil  has  mastered  reading. 

Tommy  Smith’s  Animals.  By  Edmund  Selous.  With  8 Illus- 
trations by  G.  W.  Ord.  Eleventh  Edition.  Fcap.  8vo,  is.  6d. 

This  new  and  charming  continuous  reader,  besides  inculcating  kindness 
to  animals,  conveys  much  natural  history  information.  The  animals  dealt 
with  are — frog,  toad,  rook,  rat,  hare,  grass-snake,  adder,  peewit,  mole, 
woodpigeon,  squirrel,  barn-owl. 

This  book  is  on  the  L.C.C.  Requisition  Lists. 

An  edition  in  a superior  binding,  suitable  for  prizes,  is  also  issued  at  2S.  6d. 

Tommy  Smith’s  Other  Animals.  By  Edmund  Selous.  With  12 
Illustrations  by  Augusta  Guest.  Fifth  Edition.  Fcap.  8vo,  is.  6d. 

Uniform  with  the  above.  The  animals  dealt  with  are — rabbit,  nightjar, 
weasel,  blackbird,  thrush,  hedgehog,  dabchick,  moorhen,  woodpecker,  fox, 
cuckoo,  watervole. 

This  book  is  on  the  L.C.C.  Requisition  Lists. 

An  edition  in  a superior  binding,  suitable  for  prizes,  is  also  issued  at  2s.  6d. 

Methuen’s  Health  Readers.  Vol.  I. , Introductory.  By  C.  J.  Thomas, 
M.B.,  B.Sc.,  D.P.H.,  University  Scholar  in  Medicine,  Member  of  the 
Examining  Board  of  the  Royal  Sanitary  Institute.  Crown  8vo,  is.  6d. 

This  is  the  first  volume  of  a new  series  of  Health  Readers  written  in 
accordance  with  the  recommendations  of  the  Board  of  Education.  It  treats 
the  subject  in  a simple  way  as  a part  of  Nature  Study,  and  deals  with 
questions  of  health  from  the  point  of  view  of  the  natural  interests  of  the 
child  in  his  surroundings. 

Methuen’s  Health  Readers.  Vol.  II.,  Intermediate.  By  C.  J. 
Thomas,  M.B.,  B.Sc.,  D.P.H.  Crown  8vo,  is.  6d. 

This  is  the  second  volume  of  the  series.  Vol.  I.  deals  with  the  simple 
rules  of  healthy  living.  The  intermediate  volume  treats  in  fuller  detail  with 
the  mechanisms  of  life  and  gives  a rational  basis  for  the  laws  of  health  which 
have  already  been  presented. 

Stories  from  Old  French  Romance.  By  E.  M.  Wilmot-Buxton. 
Crown  8vo,  is.  6d. 

Messrs.  Methuen  issue  a separate  Catalogue  of  Readers  which  may  be 
obtained  on  application. 

French 

Grammars,  etc. 

Nouvelle  Grammaire  Frangaise,  k l’usage  des  ecoles  Anglaises.  By 
J.  G.  Anderson,  B.A.,  Examiner  to  London  University.  Cr.  8vo,  2s. 

A textbook  for  Middle  and  Higher  Forms,  written  in  French,  with  the 
exception  of  a long  introduction  on  Phonetics.  Emphasis  is  laid  on  points 
where  English  and  French  differ.  The  conjugation  of  the  verb  is  simplified, 
and  there  are  many  other  special  features. 

Exercices  de  Grammaire  Frangaise.  By  J.  G.  Anderson,  B.A., 
Examiner  to  London  University.  Crown  8vo,  is.  6d. 

This  book  of  exercises  is  primarily  intended  as  a companion  volume  to 
the  “ Nouvelle  Grammaire  Franjaise,”  but  there  is  no  reason  why  it  should 
not  be  used  in  conjunction  with  any  grammar.  These  books  cover  all  the 
ground  for  the  London  Matriculation. 

* 


IO 


MESSRS.  METHUEN’S 


French,  Commercial  Correspondence.  By  S.  E.  Bally.  With 

Vocabulary.  Fourth  Edition.  Cr.  8vo,  2s.  [ Commercial  Series. 

This  book  provides  the  student  with  materials  for  French  correspondence. 
Almost  every  paragraph  has  been  taken  from  actual  letters. 

A French  Commercial  Reader.  By  S.  E.  Bally.  With  Vocabulary. 

Second  Edition.  Crown  8vo,  2s.  [ Commercial  Series. 

A series  of  extracts  chosen  from  the  best  sources,  containing  an  unusually 
large  number  of  business  terms. 

French  Prose  Composition.  By  R.  R.  N.  Baron,  M.A.,  Modern 

Language  Master  at  Cheltenham  Grammar  School.  Third  Edition. 

Crown  8vo,  2s.  6d.  Key,  3s.  net. 

A collection  of  passages  from  standard  English  authors  for  composition 
in  Upper  Forms  and  by  Army  Candidates;  Notes  and  Vocabularies  are 
provided. 

A Junior  French  Prose.  By  R.  R.  N.  Baron,  M.A.,  Modern 

Language  Master  at  Cheltenham  Grammar  School.  Fourth  Edition. 

Crown  8vo,  2s.  {Junior  School  Books. 

This  book  has  been  written  for  pupils  beginning  continuous  French  Prose. 
It  contains  : (1)  Examples  and  Rules  in  Syntax.  These  are  not  professedly 
exhaustive,  but  deal  rather  with  points  in  which  the  two  languages  are  seen 
to  differ ; and,  as  they  deal  with  such  points  occurring  in  over  a hundred 
passages  and  exercises,  it  is  hoped  they  may  be  found  sufficiently  complete 
for  the  general  purposes  at  which  the  book  aims.  (2)  Exercises  in  every- 
day language,  illustrative  of  the  rules.  (3)  Graduated  continuous  passages. 

French  and  English  Parallels.  By  F.  R.  M.  Fursdon.  Fcap. 
8vo,  3s.  6d.  net. 

The  first  part  of  this  volume  consists  of  a selection  of  French  and  English 
idiomatical  phrases  and  idioms,  and  the  second  of  over  a thousand  examples 
of  French  and  English  metaphors.  The  third  section  is  an  interwoven 
sequence  of  ideas,  expressed  by  means  of  some  of  the  most  beautiful  maxims 
and  proverbs  of  both  languages. 

Junior  French  Examination  Papers,  in  Miscellaneous  Grammar  and 
Idioms.  By  F.  Jacob,  M.A.,  Assistant  Master  at  Felsted  School. 
Third  Edition.  Fcap.  8vo,  is.  {Junior  Examination  Series. 

A collection  of  72  papers  of  ten  questions  each  suitable  for  class  teaching 
and  revision  work  for  the  Local  and  similar  Examinations. 

A Junior  French  Grammar.  By  L.  A.  Sornet  and  M.  J.  Acatos. 
Modern  Language  Masters  at  King  Edward’s  School,  Birmingham. 
Third  Edition,  Revised.  Crown  8vo,  2s.  {Junior  School  Books. 

This  book  comprises  a complete  course  of  French  Grammar,  with 
Exercises  and  Examination  Papers  suitable  for  candidates  preparing  for  the 
Oxford  and  Cambridge  Local  and  College  of  Preceptors’  Examinations.  It 
also  includes  numerous  Vocabularies  and  materials  for  Conversation  Lessons. 

Steps  to  French.  By  A.  M.  M.  Stedman,  M.A.  Ninth  Edition. 
i8mo,  8d. 

One  of  the  easiest  French  books  in  existence.  Contains  both  grammar 
and  exercises. 

First  French  Lessons.  By  A.  M.  M.  Stedman,  M.A.  Tenth  Edition. 
Crown  8vo,  is. 

A short  course  for  beginners  written  to  make  a boy’s  knowledge  of  Latin 
help  his  French. 

Easy  French  Passages  for  Unseen  Translations.  By  A.  M.  M. 
Stedman,  M.A.  Sixth  Edition.  Fcap.  8vo,  is.  6d. 

Many  of  the  passages  have  been  actually  set  at  the  Local,  Public  School, 
and  Naval  and  Military  Examinations.  Some  of  the  most  charming  French 
lyrics  are  included. 
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Easy  French  Exercises  on  Elementary  Syntax.  By  A.  M.  M. 
Stedman,  M.A.  With  Vocabulary.  Fourth  Edition.  Crown  Svo, 
2s.  6d.  Key,  3s.  net. 

These  exercises  are  for  pupils  who  have  mastered  their  accidence  and 
require  a more  advanced  book  to  accompany  their  Syntax. 

French  Vocabularies  for  Repetition:  Arranged  according  to  Sub- 
jects. By  A.  M.  M.  Stedman,  M.A.  Fourteenth  Edition.  Fcap. 
8vo,  is. 

A collection  of  upwards  of  2000  words  arranged  in  sets  of  12  each,  accord- 
ing to  the  subject. 

French  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  By  A.  M.  M.  Stedman,  M.A.  Fifteenth  Edition.  Crown 
8vo,  2s.  6d.  Key  (Fifth  Edition),  issued  to  Tutors  and  Private  Students 
only,  6s.  net. 

These  Papers  have  been  compiled  for  those  who  have  passed  beyond  the 
Elementary  Stages  of  Grammar.  They  cover  the  whole  of  the  ground 
usually  taught. 

Texts 

Easy  French  Rhymes.  By  Henri  Blouet.  Illustrated.  Second 
Edition.  Fcap.  8vo,  is.  [Beginners  Books. 

This  little  book,  containing  the  time-honoured  English  nursery  rhymes 
translated  into  French  rhyme,  will  supply  children  with  a fairly  extensive 
and  easily  acquired  vocabulary  of  French  words.  The  English  and  French 
versions  are  given  on  opposite  pages. 

L’Equipage  de  la  Belle-Nivemaise.  By  Alphonse  Daudet. 
Adapted  from  “La  Belle-Nivemaise,”  by  T.  R.  N.  Crofts,  M. A.,  Modern 
Language  Master  at  Merchant  Taylors’  School,  London.  Second  Edition. 
Fcap.  8vo,  is.  [. Simplified  Frenck  Texts. 

L’Eistoire  de  Pierre  et  Camille.  By  Alfred  de  Musset.  Adapted 
from  “Pierre  et  Camille,”  by  J.  B.  Patterson,  M.A.,  Modern 
Language  Master  at  Merchant  Taylors’  School,  London.  Fcap.  8vo,  is. 

[Simplified  French  Texts. 

Memoires  de  Cadichon.  By  Madame  de  S£gur.  Adapted  from 
“ Memoires  d’un  Ane,”  by  J.  F.  Rhoades,  Modem  Language  Master  at 
Fettes  College,  Edinburgh.  Fcap.  8vo,  is.  [Simplified  French  Texts. 

L’Histoire  d’une  Tulipe.  By  Alexandre  Dumas.  Adapted  from 
“La  Tulipe  Noire,”  by  T.  R.  N.  Crofts,  M.A.  Second  Edition. 
Fcap.  8vo,  is.  [Simplified  French  Texts. 

La  Bouillie  au  Miel.  By  Alexandre  Dumas.  Adapted  from  “La 
Bouillie  de  la  Comtesse  Berthe,”  by  P.  B.  Ingham,  B.A.,  Modern 
Language  Master  at  Merchant  Taylors’  School,  London.  Fcap.  8vo,  is. 

[Simplified  French  Texts. 

Edmond  Dantes.  By  Alexandre  Dumas.  Adapted  from  “ Monte 
Christo,”  by  M.  Ceppi,  Head  Modern  Language  Master  at  King’s 
College  School,  Wimbledon.  Fcap.  8vo,  is. 

[Simplified  French  Texts. 

D’ Ajaccio  a Saint  Hdl&ne.  By  Alexandre  Dumas.  Adapted  from 
“ Napoleon,”  by  F.  W.  M.  Draper,  Modern  Language  Master,  City  of 
London  School.  Fcap.  is.  [Simplified  French  Texts. 

M.  de  Beaufort  h Vincennes.  By  Alexandre  Dumas.  Adapted 
from  “ Vingt  Ans  Apres,”  by  P.  B.  Ingham,  B.A.  Fcap.  is. 

[Simplified  French  Texts. 

Le  Docteur  Matheus.  By  Erckmann-Chatkian.  Adapted  from 
“ L’lllustre  Docteur  Matheus,”  by  W.  P.  Fuller,  M.A.,  Headmaster 
of  the  Holbom  Estate  Grammar  School,  London.  Fcap.  8vo,  is. 

[Simplified  French  Texts. 
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Le  Conscrit  de  1813.  By  Erckmann-Chatrian.  Adapted  from 
“ L’Histoire  d’un  Conscrit,”  by  H.  Rieu,  M.A.,  Modern  Language 
Master  at  Merchant  Taylors’  School,  London.  Fcap.  8vo,  is. 

[. Simplified  French  Texts. 

La  Bataille  de  Waterloo.  By  Erckmann-Chatrian.  A Sequel  to 
the  above.  Adapted  from  “Waterloo,”  by  G.  H.  Evans,  M.A., 
Modem  Language  Master  at  Oundle  School.  Fcap.  8vo,  is. 

[Simplified  French  Texts. 

Jean  Yaljean.  By  Victor  Hugo.  Adapted  from  “Les  Miserables,” 
by  F.  W.  M.  Draper,  M.A.,  Modern  Language  Master  at  King’s 
College  School,  Wimbledon.  Fcap.  8vo,  is.  [ Simplified  French  Texts. 

Abdallah.  By  Edouard  Laboulaye.  Adapted  from  “Abdallah,  ou 
le  trefle  k quatre  feuilles,”  by  Mrs.  J.  A.  Wilson.  Fcap.  8vo,  is. 

[. Simplified  French  Texts. 

Deux  Contes.  Adapted  from  P.  Merrim£e’s  “Mateo  Falcone”  and 
“Tamango,”  by  J.  F.  Rhoades,  Modern  Language  Master  at  Fettes 
College,  Edinburgh. 

La  Chanson  de  Roland.  By  Roland.  Adapted  by  H.  Rieu,  M.A. 
Second  Edition.  Fcap.  8vo,  is.  [. Simplified  French  Texts. 

Le  Chevrier  Remy.  By  E.  Souvestre.  Adapted  from  “LeChevrier 
de  Lorraine,”  by  E.  C.  Chottin,  B.-es-L.,  Modem  Language  Master  at 
St.  Laurence  College,  Ramsgate.  Fcap.  8vo,  is. 

[, Simplified  French  Texts. 

This  series  provides  pupils  who  have  been  studying  French  about  two  or 
three  years  with  simple  translation  books  which  they  can  understand,  and 
are  at  the  same  time  complete  stories,  instead  of  a succession  of  little  anecdotes. 
Vocabularies  have  been  added,  in  which  the  chief  idioms  are  explained. 

General  Information 

Junior  General  Information  Papers.  By  W,  S.  Beard.  Fcap. 
8vo,  is.  Key,  3s.  6d.  net.  [Junior  Examination  Series. 

An  easier  book  on  the  same  lines  as  Stedman’s  “General  Knowledge 
Examination  Papers.”  It  will  be  found  suitable  for  the  Junior  Examinations 
and  Candidates  for  County  Scholarships. 

General  Knowledge  Examination  Papers.  By  A.  M.  M. 
Stedman,  M.A.  Seventh  Edition.  Crown  8vo,  2s.  6d.  Revised  to 
1907.  Key  (Fifth  Edition),  issued  to  Tutors  and  Private  Students 
only,  7s.  net.  School  Examination  Series. 

Compiled  to  furnish  practice  for  those  who  are  preparing  for  Scholarships 
at  the  Public  Schools  and  at  the  Universities.  This  edition  has  been  care- 
fully revised  and  brought  up  to  date  by  Mr.  C.  G.  Botting,  B.A.,  and  a 
number  of  new  questions  have  been  added. 

Geography 

Junior  Geography  Examination  Papers.  By  W.  G.  Baker,  M.A. 

Fcap.  8vo,  is.  [Junior  Examination  Series. 

72  Papers  each  containing  10  questions,  covering  all  branches  of  the 
subject  required  by  pupils  of  12  to  16  years.  By  an  ingenious  arrangement 
the  papers  can  be  used  either  as  general  papers  or  to  test  some  particular 
part  of  the  subject. 

A Commercial  Geography  of  Foreign  Nations.  By  F.  C.  Boon, 
B.A. , Assistant  Master  at  Dulwich  College.  Crown  8vo,  2s. 

[Commercial  Series. 

A companion  volume  to  Prof.  L,  W.  Lyde’s  “Commercial  Geography  of 
the  British  Empire”  (g.v.). 
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A Historical  Geography  of  the  British  Empire.  By  Hereford 

B.  George,  M.A.,  Fellow  of  New  College,  Oxford.  Fourth  Edition, 
Revised.  Crown  8vo,  3s.  6d. 

The  purpose  of  this  work  is  twofold — to  describe  in  outline  the  British 
Empire,  with  its  component  parts  so  grouped  as  to  show  forth  the  diversity 
of  their  relations  to  the  mother  country — and  to  point  out  the  nature  of  the 
relations  between  the  geography  and  the  history  of  the  British  Islands, 
from  the  beginning,  and  from  the  time  of  their  becoming  British  in  the  case 
of  the  other  possessions. 

A Commercial  Geography  of  the  British  Empire.  By  L.  W. 
Lyde,  M.A.,  Professor  of  Economic  Geography  at  University  College, 
London.  Eighth  Edition.  Cr.  8vo,  2s.  [ Commercial  Series. 

The  first  section  gives  the  general  principles  of  the  science  and  their 
application  to  the  larger  areas  of  the  British  Empire.  The  second  section 
takes  each  of  the  Colonies  and  considers  its  surroundings,  fisheries,  harbours, 
surface,  agriculture,  and  minerals  separately. 

The  Dominion  of  Man.  By  E.  Protheroe.  With  36  Illustrations. 
Second  Edition.  Crown  8vo,  2s. 

A bright  and  readable  geographical  textbook  for  teachers  and  upper 
classes,  dealing  mainly  with  the  way  in  which  life  is  affected  by  its  surround- 
ings and  conditions.  Many  interesting  particulars  are  given  of  manufactures 
and  industries.  It  contains  thirty-two  full-page  Illustrations  beautifully 
printed  in  double  tone  ink. 

A Historical  and  Modern  Atlas  of  the  British  Empire.  By 

C.  Grant  Robertson  and  J.  G.  Bartholomew,  F.R.S.E.,  F.R.G.S. 
Demy  Quarto,  4s.  6d.  net. 

The  Atlas  contains  64  Maps,  with  numerous  inserts,  Historical  Tables 
and  Notes,  an  Introduction,  a Historical  Gazetteer,  a Bibliography,  and  an 
Index.  The  combination  of  modern  maps  on  physical  geography,  trade, 
industry,  etc. , with  the  special  and  extensive  historical  maps  of  the  Empire 
as  a whole  and  of  each  part  of  it  (e.g.  India,  Canada,  etc.),  give  the  Atlas  a 
character  and  completeness  not  hitherto  offered  by  any  other  Atlas. 

History  and  Geography  Examination  Papers.  By  C.  H.  Spence, 
M.  A.,  Assistant  Master  at  Clifton  College.  Third  Edition.  Crown  8vo, 
2s.  6d.  [ School  Examination  Series. 

The  present  edition  was  practically  rewritten  and  a large  number  of  new 
questions  added. 

A Systematic  Geography  of  the  British  Isles.  By  G.  W.  Webb, 
B.A.,  Master  at  Owen’s  School,  Islington.  With  Maps  and  Diagrams. 
Crown  8vo,  is.  [New  Geographical  Series. 

This  book  — one  of  a new  geographical  series  — provides  for  a study  of 
Geography  of  the  British  Isles  on  logical  lines  as  recommended  by  the  Board 
of  Education.  It  is  intended  for  those  who  have  passed  beyond  the 
elementary  stages  of  the  subject  and  wish  to  acquire  a more  detailed  and 
advanced  knowledge  of  their  own  land.  Emphasis  is  placed  on  the  distinc- 
tive character  of  the  natural  regions  by  a consideration  of  the  geological 
structure  of  the  islands,  and  its  bearing  on  the  physical  features,  and  again 
constant  reference  is  made  to  the  causal  connection  between  the  facts  of 
physical  and  political  geography. 

A Systematic  Geography  of  Europe.  By  G.  W.  Webb,  B.A., 
Assistant  Master  at  Owen’s  School,  Islington.  With  5 Maps.  Crown 
8vo,  is.  [New  Geographical  Series. 

This  is  the  second  of  the  five  volumes  that  will  together  constitute  “A 
Systematic  Geography  of  the  World.”  It  is  written  on  the  same  lines  as 
“A  Systematic  Geography  of  the  British  Isles,”  by  the  same  Author.  An 
effort  has  been  made  to  follow  the  middle  course  between  the  old  method  of 
treating  the  subject  as  a collection  of  disconnected  details  and  the  extremes 
to  which  the  modern  revolt  against  this  has  been  carried. 
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A Systematic  Geography  of  Asia.  By  G.  W.  Webb,  B.A.  With 

5 Maps.  Crown  8vo,  is. 

This  is  the  third  volume  in  the  New  Geographical  Series,  and  is  written 
on  the  same  lines  as  the  first  two  volumes,  viz.  ‘ ‘ Systematic  Geography  of 
the  British  Isles,”  and  “ Systematic  Geography  of  Europe.” 

By  Road  and  River.  By  E.  M.  Wilmot-Buxton,  F.R.Hist.S. 
A Descriptive  Geography  of  the  British  Isles.  With  12  Maps.  Cr.  8vo,  2s. 

Suitable  for  children  in  the  Lower  Forms  of  all  grades  of  schools.  It  aims 
at  making  them  familiar  with  the  scenery  and  most  striking  features,  political, 
historical,  and  literary,  of  their  land  by  the  natural  and  interesting  process  of 
making  imaginary  journeys  through  the  different  districts  of  these  islands. 
Physical  geography  has  been  closely  connected  with  political  aspects,  and 
throughout  an  appeal  has  been  made  to  the  common  sense  as  well  as  to  the 
imagination  of  the  child.  Interesting  questions  are  set  at  end  of  each 
chapter,  and  the  text  is  fully  illustrated  by  photographs  and  outline  maps. 

German 

Grammars,  etc. 

A German  Commercial  Reader.  By  S.  E.  Bally.  With  Vocabulary. 

Crown  8vo,  2s.  [ Commercial  Series. 

The  object  of  this  manual  is  not  only  to  offer  the  student  material  for 
translation,  but  to  bring  to  his  notice  some  practical  hints  on  commerce, 
industry,  and  commercial  history  and  geography.  Roman  type  and  the  new 
spelling  have  been  adopted  in  this  book. 

German  Commercial  Correspondence.  By  S.  E.  Bally.  With 
Vocabulary.  Second  Edition.  Crown  8vo,  2s.  6d.  [ Commercial  Series. 

The  specimen  letters  which  illustrate  the  chapters  are  preceded  by 
analyses  and  followed  by  numerous  exercises,  each  containing  in  a few 
German  words  the  gist  of  the  letter  to  be  composed.  Roman  type  and  the 
new  spelling  have  been  adopted  in  this  book. 

German  Passages  for  Unseen  Translation.  By  E.  M ‘Queen 

Gray.  Crown  8vo,  2s.  6d. 

A selection  of  passages  from  standard  authors  for  the  use  of  Middle  and 
Upper  Forms.  No  notes  or  vocabularies  are  included. 

German  Examination  Papers.  By  R.  J.  Morich,  late  of  Clifton 
College.  Seventh  Edition.  Crown  8vo,  2s.  6d.  Key,  Third 

Edition,  6s.  net.  [ School  Examination  Series. 

A series  of  Advanced  Papers  compiled — (1)  to  avoid  the  tediousness  and 
length  of  constant  grammar  repetition,  and  (2)  to  make  the  student 
acquainted  with  some,  at  least,  of  the  endless  number  of  German  idiomatic 
phrases. 

Junior  German  Grammar.  By  H.  C.  Seckler,  Senior  German 
Master,  Owen’s  School,  E.  C.  Crown  8vo,  2s.  6d.  [ Junior  School  Books. 

This  book  is  for  the  Middle  Forms  of  schools,  and  meets  the  requirements 
of  the  Oxford  and  Cambridge  Junior  Local  and  the  College  of  Perceptors 
Examinations.  It  consists  of  grammar  and  exercises,  and  a particular 
feature  is  the  co-ordination  of  accidence  and  syntax.  It  aims  throughout 
at  training  pupils  to  use  their  knowledge  for  composition.  The  declensions 
of  nouns  and  adjectives,  the  “bugbear”  of  the  German  language,  are 
explained  in  a natural,  simple,  and  effective  manner.  Pupils  preparing  for 
examinations  will  find  considerable  help  in  the  latter  part  of  the  book,  which 
gives  various  examination  papers,  with  some  useful  model  solutions. 

Junior  German  Examination  Papers.  By  A.  Vorgelin,  M.A., 
Modem  Language  Master  at  St.  Paul’s  School.  Fcap.  8vo,  is. 

\ Junior  Examination  Series. 

An  easier  book,  on  the  same  lines  as  the  above. 
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German  Vocabularies  for  Repetition.  By  Sophie  Wright.  Fcap. 
8vo,  is.  6d. 

A collection  of  useful  German  words  arranged  under  subjects. 

Texts 

Der  Muller  am  Rhein.  By  C.  Brentano.  Adapted  from  “Von 
dem  Rhein  und  dem  Muller  Radlauf,”  by  Miss  A.  F.  Ryan,  Modern 
Language  Mistress  at  the  High  School,  Derby.  Fcap.  8vo,  is. 

[. Simplified  German  Texts. 

Die  Geschichte  von  Peter  Schlemihl  By  A.  von  Chamisso. 
Adapted  from  “Peter  Schlemihl’s  Wundersame  Geschichte,”  by  R. 
C.  Perry,  M.A.,  Modern  Language  Master  at  Merchant  Taylors’ 
School,  London.  Fcap.  8vo,  is.  [. Simplified  German  Texts. 

Undine  und  Huldbrand.  By  De  La  Motte  FouquA.  Adapted  from 
“Undine,”  by  T.  R.  N.  Crofts,  M.A.,  Modern  Language  Master 
at  Merchant  Taylors’  School,  London.  Fcap.  8vo,  is. 

[1 Simplified  German  Texts. 

Die  Nothelfer.  By  W.  H.  Riehl.  Adapted  from  “ Die  Vierzehn 
Nothelfer,”  by  P.  B.  Ingham,  B.A.,  Modern  Language  Master  at 
Merchant  Taylors’  School,  London.  Fcap.  8vo,  is. 

[. Simplified  German  Texts. 

The  aim  of  this  series  is  to  provide  pupils  who  have  been  studying  German 
about  two  or  three  years  with  simple  translation  books  which  they  can  under- 
stand, and  which  at  the  same  time  provide  complete  stories,  instead  of  a 
succession  of  little  anecdotes.  Vocabularies  have  been  added,  in  which  the 
chief  idioms  are  explained. 

Greek 

Grammars,  Exercises,  etc. 

Easy  Greek  Exercises.  By  C.  G.  Botting,  B.A.,  Assistant  Master 
at  St.  Paul’s  School.  Crown  8vo,  2s. 

These  exercises  have  been  compiled  to  accompany  Stedman’s  “Shorter 
Greek  Primer,”  from  which  the  rules  have,  by  permission,  been  for  the  most 
part  taken. 

Passages  for  Unseen  Translation.  By  A.  M.  Cook,  M. A.,  Assistant 
Master  at  St.  Paul’s  School,  and  E.  C.  Marchant,  M.  A.,  Tutor  of  Lincoln 
College,  Oxford.  Selected  from  Latin  and  Greek  Literature.  Fourth 
Edition.  Crown  8vo,  3s.  6d. 

Two  hundred  Latin  and  two  hundred  Greek  passages,  arranged  in  order 
of  increasing  difficulty.  The  book  has  been  carefully  compiled  to  meet  the 
wants  of  V.  and  VI.  Form  boys  at  the  Public  Schools,  and  is  also  well 
adapted  for  the  use  of  honoursmen  at  the  Universities.  Prose  and  verse 
alternate  throughout. 

The  Greek  View  of  Life.  By  G.  Lowes  Dickinson,  M.A.,  Fellow 
of  King’s  College,  Cambridge.  Seventh  and  Revised  Edition.  Crown 
8vo,  2s.  6d.  net. 

A revised  edition,  reset  in  new  type,  of  this  admirable  book,  which  is  a 
general  introduction  to  Greek  literature  and  thought.  Among  the  subjects 
dealt  with  are  the  Greek  View  of  Religion,  the  State  and  its  relation  to  the 
Citizen,  Law,  Artisans  and  Slaves,  Sparta,  Athens,  Manual  Labour  and 
Trade,  Athletics,  Pleasure,  Greek  View  of  Women,  Friendship,  Art, 
Sculpture.  Painting,  Music,  etc. 
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Notes  on  Greek  and  Latin  Syntax.  By  G.  Buckland  Green, 
M.A.,  Assistant  Master  at  Edinburgh  Academy.  Second  Edition, 
Revised.  Crown  8vo,  3s.  6d. 

The  book  discusses  and  explains  the  chief  difficulties  of  Greek  and  Latin 
Syntax,  so  as  to  afford  a preparation  for  the  higher  classical  examinations. 
The  treatment  throughout  is  comparative.  There  are  chapters  on  the  cases, 
tenses,  moods,  and  their  uses,  on  Homeric  peculiarities,  the  article,  etc. ; 
and,  besides  the  examples  quoted  in  illustration  of  the  text,  numerous  pas- 
sages are  added,  by  working  through  which  the  student  may  obtain  practice 
in  dealing  with  points  of  syntax. 

Examination  Papers  in  Thucydides.  By  T.  Nicki.in,  M.A., 
Assistant  Master  at  Rossall  School.  Crown  8vo,  2s. 

In  this  volume  the  eight  books  have  been  divided  into  short  sections,  and 
a paper  has  been  set  on  each  section,  as  well  as  recapitulatory  papers  on 
each  book. 

Steps  to  Greek.  By  A.  M.  M.  Stedman,  M.A.  Fourth  Edition. 
i8mo,  is. 

Easy  Lessons  on  Elementary  Accidence,  with  exercises  and  vocabularies. 

A Shorter  Greek  Primer.  By  A.  M.  M.  Stedman,  M.A.  Fourth 
Edition.  Crown  8vo,  is.  6d. 

This  book  contains  the  elements  of  Greek  Accidence  and  Syntax  in  a 
compass  of  less  than  100  pages. 

Easy  Greek  Passages  for  Unseen  Translation.  By  A.  M.  M. 
Stedman,  M.A.  Fifth  Edition.  Fcap.  8vo,  is.  6d. 

The  pieces  are  graduated  in  length  and  difficulty,  and  the  early  pieces 

Sesent  no  serious  obstacles. 

Vocabularies  for  Repetition.  By  A.  M.  M.  Stedman,  M.A. 
Fourth  Edition.  Fcap.  8vo,  is.  6d. 

A collection  of  over  2000  useful  words  arranged  in  sets  of  twelve  each 
according  to  subjects. 

Greek  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  By  A.  M.  M.  Stedman,  M.A.  Tenth  Edition.  Crown 
8ve,  2s.  6d.  Key  (Fourth  Edition),  issued  to  Tutors  and  Private 
Students  only,  6s.  net.  \School  Examination  Series. 

A collection  of  Advanced  Papers  uniform  with  Stedman’s  “Latin 
Examination  Papers."  See  page  20. 

Junior  Greek  Examination  Papers  in  Miscellaneous  Grammar 
and  Idioms.  By  T.  C.  Weatherhead,  M.A.,  Headmaster  of  King’s 
College  Choir  School,  Cambridge.  Fcap.  8vo,  is. 

[ Junior  Examination  Series. 
A volume  of  72  Junior  Papers  uniform  with  Botting’s  “Junior  Latin 
Examination  Papers."  See  page  20. 

Texts 

Aristotle.— THE  ETHICS  OF  ARISTOTLE.  Edited,  with  an 
Introduction  and  Notes,  by  John  Burnet,  M.A.,  Professor  of  Greek  at 
St.  Andrews.  Cheaper  issue.  Demy  8vo,  10s.  6d.  net. 

An  elaborate  edition,  based  on  the  assumption  that  the  Nicomachean 
Ethics  is  the  authentic  work  of  Aristotle,  and  that  it  has  hardly  suffered  from 
interpolation  or  dislocation.  It  is  also  assumed  that  the  Eudemian  Ethics 
is  our  most  authoritative  commentary,  and  the  parallel  passages  from  it  are 
printed  under  the  text  to  which  they  refer.  The  commentary  shows  that 
most  of  the  difficulties  which  have  been  raised  disappear  when  the  work  is 
interpreted  in  the  light  of  Aristotle’s  own  rules  of  Dialectic. 
Demosthenes.— AGAINST  CONON  AND  CALLICLES.  Edited  by 
F.  Darwin  Swift,  M.A.  Second  Edition.  Fcap.  8vo,  2s. 

The  new  text  edited  for  Middle  and  Upper  Forms,  with  vocabulary  and 
notes. 
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Greek  Testament  Selections.  Edited  by  A.  M.  M.  Stedman,  M.A. 
For  the  Use  of  Schools.  With  Introduction,  Notes,  and  Complete 
Vocabulary.  Fourth  Edition.  Fcap.  8vo,  2s.  6d. 

This  small  volume  contains  a selection  of  passages,  each  sufficient  for  a 
lesson,  from  the  Gospels,  forming  a life  of  Christ.  In  schools  where  only  a 
limited  time  can  be  given  to  the  study  of  the  Greek  Testament  an  oppor- 
tunity is  thus  supplied  for  reading  some  of  the  most  characteristic  and 
interesting  passages. 

Translations 

^Eschylus. — AGAMEMNON,  CHOEPHOROE,  EUMENIDES.  Trans- 
lated by  Lewis  Campbell,  LL.D.  Crown  8vo,  5s. 

[Classical  Translations . 

Lucian. — SIX  DIALOGUES  (Nigrinus,  Icaro-Menippus,  The  Cock,  The 
Ship,  The  Parasite,  The  Lover  of  Falsehood).  Translated  by  S.  T. 
Irwin,  M.A.,  Assistant  Master  at  Clifton.  Crown  8vo,  3s.  6d. 

[ Classical  Translations. 

Sophocles. — ELECTRA  AND  AJAX.  Translated  by  E.  D.  A. 
Morshead,  M.A.  Crown  8vo,  2s.  6d.  [ Classical  Translations. 


History 

Classical 

An  Introduction  to  the  History  of  Home.  By  H.  N.  Asman,  M.A., 
B.D.,  Second  Master  of  Owen’s  School,  Islington.  With  2 Maps  and 
14  Illustrations.  Crown  8vo,  2s.  6d. 

This  book  gives  to  pupils  learning  Latin  some  knowledge  of  the  history 
of  the  great  people  whose  language  they  are  studying.  It  has  been  insisted 
by  educational  authorities  that  some  knowledge  of  the  history  of  Rome  is 
essential  not  only  for  a proper  appreciation  of  Roman  literature,  but  that  it 
is  also  a necessary  part  of  a complete  education.  This  book  occupies  a place 
between  the  primer  and  the  larger  works  on  the  subject.  It  gives  a brief 
survey  of  the  history  of  Rome  to  the  death  of  Augustus.  It  will  also  be 
found  useful  for  the  general  reader  who  desires  some  knowledge  of  the 
subject. 

Stories  from  Ancient  History.  By  E.  Bowyer,  B.A.,  B.Sc.,  Assistant 
Master,  Owen’s  School.  Crown  8vo,  is.  6d.  [New  Historical  Series. 

This  volume — the  first  of  a new  historical  series  on  the  lines  of  the  recent 
circular  of  the  Board  of  Education  on  the  teaching  of  History — is  intended 
as  an  introduction  to  the  story  of  ancient  history  for  pupils  up  to  the  age 
of  twelve. 

In  accordance  with  the  suggestions  made  in  the  above-mentioned  circular, 
it  deals  with  the  ‘ 4 chief  events  and  characters  from  the  history  of  the  most 
important  nations  in  their  traditional  form.”  It  aims  also  at  “giving  some 
idea  of  the  nature  of  the  great  nations  and  stages  in  civilisation,  centred 
round  certain  individuals  or  events  in  the  chronological  succession  ” in  such 
a way  that  young  children  shall  be  able  at  least  to  44  place ” the  most  notable 
characters  of  ancient  history. 

A First  History  of  Greece.  By  Edith  E.  Firth,  History  Mistress  of 
Croydon  High  School.  With  7 Maps.  Crown  8vo,  is.  6d. 

[Beginner* s Books. 

This  book  has  been  written  in  the  hope  of  supplying  a History  of  Greece 
suitable  for  young  children.  It  is  written  in  biographical  form,  and  those 
lives  have  been  selected  which  best  explain  the  rise  and  decline  of  the 
Greeks. 
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A Short  History  of  Greece  to  the  Death  of  Alexander  the  Great. 

By  W.  S.  Hett,  B.A.,  Assistant  Master  at  Brighton  College.  With 
many  Maps.  Crown  8vo,  3s.  6d. 

This  book  is  intended  primarily  for  the  use  of  students  reading  for  the 
Oxford  and  Cambridge  Higher  Certificate,  and  secondarily  as  an  introduc- 
tion to  a wider  study  of  the  subject.  An  attempt  has  been  made  to  render 
some  of  the  recently  acquired  archaeological  evidence  accessible  to  those  who 
have  no  expert  knowledge.  The  recent  papers  set  for  the  Higher  Certificate 
have  demanded  far  more  than  a mere  collection  of  facts,  and  accordingly  the 
present  work  has  been  written  with  a view  to  giving  a general  survey  of  the 
Greek  race  and  of  the  broad  principles  underlying  its  history. 

A Junior  Greek  History.  By  W.  Horton  Spragge,  M.A.,  Assistant 
Master  at  City  of  London  School.  With  4 Illustrations  and  5 Maps. 
Crown  8vo,  2s.  6d.  [ Junior  School  Books. 

It  describes  the  main  features  in  the  history  of  Greece  down  to  the  time  of 
its  absorption  in  the  Roman  Empire,  suitably  presented  for  junior  pupils  in 
schools.  The  greater  part  of  it  is  taken  from  ancient  authorities,  Greek  and 
Latin,  but  the  views  of  modern  writers  have  also  been  consulted. 

A Constitutional  and  Political  History  of  Rome.  From  the 
Earliest  Times  to  the  Reign  of  Domitian.  By  T.  M.  Taylor,  M.A., 
Fellow  of  Gonville  and  Caius  College,  Cambridge.  Second  Edition. 
Crown  8vo,  7s.  6d. 

It  contains  an  account  of  the  origin  and  growth  of  the  Roman  institutions, 
and  a discussion  of  the  various  political  movements  in  Rome  from  the  earliest 
times  to  the  reign  of  Domitian. 

A Short  History  of  Rome.  By  J.  Wells,  M.A.,  Fellow  and  Tutor  of 
Wadham  College,  Oxford.  With  3 Maps.  Tenth  Edition.  Crown 
8vo,  3s.  6d. 

' ‘ The  schoolmasters  who  have  felt  the  want  of  a fifth-form  handbook  of  Roman 

history  may  congratulate  themselves  on  persuading  Mr.  Wells  to  respond  to  it. 

His  book  is  excellently  planned  and  executed.  Broken  up  into  short  paragraphs, 

with  headings  to  arrest  the  attention,  his  manual  does  equal  justice  to  the  personal 

and  the  constitutional  aspects  of  the  story.” — Journal  of  Education. 

Stories  from  Roman  History.  By  E.  M.  Wilmot  - Buxton, 

F.R.Hist.S.,  Author  of  “Makers  of  Europe.”  Second  Edition. 
Crown  8vo,  is.  6d.  [Beginner's  Books. 

The  object  of  this  book  is  to  provide  an  introduction  to  the  study  of 
Roman  history  by  a series  of  stories  in  chronological  order  dealing  with  the 
main  events  and  characters  of  the  history  of  Rome. 

The  Ancient  World.  By  E.  M.  Wilmot-Buxton,  F.R.Hist.S.  With 
Maps  and  Illustrations.  Crown  8vo,  3s.  6d. 

This  book  tells  the  stories  of  the  great  civilisations  of  the  Ancient  World, 
as  made  known  by  recent  excavation  and  discovery,  from  the  dawn  of 
Egyptian  history  to  the  days  of  the  Roman  Empire. 

Stories  from  Old  French  Romance.  By  E.  M.  Wilmot-Buxton, 
F.R.Hist.S.  Crown  8vo,  is.  6d.  [Stories from  Old  Romance. 

These  stories  are  taken  from  the  romantic  epics  of  France,  from  the  epic 
of  Charlemagne,  of  Roland  and  Locris,  of  Huon  de  Bordeaux,  of  Ogier 
and  Guillaume  de  Palerna,  of  Aucassin  and  Nicollette,  and  of  other  heroes 
and  heroines  of  bygone  days. 

They  serve,  therefore,  as  an  introduction  to  world  literature,  as  well  as 
forming  a literary  reader  that  will  appeal  to  children  between  the  ages  of 
eight  and  twelve  in  all  classes  of  schools.  It  will  also  be  found  a suitable 
gift-book  for  all  young  lovers  of  stirring  romance  and  tales  of  chivalry. 
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Modern 

The  Story  of  the  British  Empire  for  Children,  By  F.  M.  Anderson. 
With  many  Illustrations.  Crown  8vo,  2s. 

This  book  gives  the  story  of  the  Empire  in  simple  language  for  children. 
Part  I.  gives  a rapid  survey  of  the  Colonies  and  Dependencies  to  show  the 
unity  of  the  whole  under  the  Crown.  Part  II.  describes  in  greater  detail 
India,  Canada,  New  Zealand,  Australia,  and  Tasmania. 

Tales  from  Irish  History.  By  A.  Birkhead,  B.A.  With  1 Map. 
Crown  8vo,  is.  6d.  [Stories  from  the  Histories. 

This  volume  is  one  of  a series  that  will  embrace  the  history  of  all  the  chief 
countries  of  the  world.  By  supplying  a series  of  interesting  stories  it  is 
hoped  that  these  volumes  will  promote  a desire  for  a more  detailed  knowledge 
of  the  history  and  character  of  other  important  nations  (see  p.  39  for  the 
complete  list  of  the  volumes  in  the  series  now  ready). 

A Constitutional  History  of  England.  By  A.  M.  Chambers, 
Honours  School  of  Modem  History,  Oxford  ; History  Mistress,  Bedford 
High  School.  Crown  8vo,  6s. 

This  book  is  meant  primarily  for  use  in  the  Upper  Forms  in  schools  and 
for  Students  beginning  more  advanced  work.  It  deals  mainly  with  Saxon 
and  Feudal  Organisation,  and  with  the  evolution  of  the  Central  Government 
out  of  earlier  institutions.  The  development  of  each  branch  of  the  Con- 
stitution— Executive,  Legislature,  and  Judicature — is  traced  separately,  but, 
as  far  as  possible,  the  history  of  each  subject  is  dealt  with  chronologically. 
The  difference  between  the  English  and  other  constitutions  is  examined,  and 
its  chief  characteristics  are  pointed  out,  while  the  relationship  of  the  several 
branches  of  the  Constitution  to  each  other,  now  and  in  the  past,  is  shown, 
and  an  attempt  is  made  to  suggest  the  practical  effects  of  the  present  balance 
of  power  in  the  State  on  the  Constitution. 

Junior  History  Examination  Papers.  By  W.  O.  P.  Davies.  Crown 
8 vo,  is.  [Junior  Examination  Series. 

For  pupils  preparing  for  the  Oxford  and  Cambridge  Locals,  College  of 
Preceptors,  and  other  Junior  Examinations.  They  have  been  modelled  on 
papers  actually  set  by  the  various  examining  bodies,  and  the  answers 
required  will  prove  useful  exercises  in  Composition.  They  are  all  most 
carefully  graduated,  and  can  be  used  either  to  test  one  particular  period, 
or  as  Examination  Papers  of  the  subject  generally. 

Stories  from  French  History.  By  Taylor  Dyson,  M.A.  With  1 
Map.  Crown  8vo,  is.  6d.  [Stories  from  the  Histories. 

See  “ Stories  from  Irish  History,”  and  p.  39  for  the  complete  list  of  the 
volumes  of  the  series  now  ready. 

Battles  of  English  History.  By  H.  B.  George,  M.  A.,  Fellow  of  New 
College,  Oxford.  With  numerous  Plans.  Fourth  Edition,  Revised, 
with  a new  Chapter  including  the  South  African  War.  Crown  8vo,  3s.  6d. 

This  book  is  intended  to  give  a clear  general  idea  of  all  the  most  im- 
portant Battles  of  English  History,  and,  without  being  technical,  to  bring 
out  their  meaning.  It  is  suitable  for  an  Upper  Form  textbook  or  school  prize. 

British  Commerce  and  Colonies  from  Elizabeth  to  Victoria. 

By  H.  de  B.  Gibbins,  LittD.,  M.A.  Fourth  Edition.  Crown  8vo,  2s. 

[Commercial  Series. 

A review  of  the  history  of  British  Commerce  from  the  days  of  Elizabeth  to 
the  present  time,  written  in  simple  and  concise  form,  without  elaborate  detail. 

The  Industrial  History  of  England.  By  H.  ds  B.  Gibbins,  Litt.D., 
M.A.  With  Maps  and  Plans.  Sixteenth  Edition.  Crown  8vo,  3s. 

An  introduction  to  the  subject,  giving  in  concise  and  simple  form  the  main 
outlines  of  England’s  economic  history.  As  far  as  possible  the  economic- 
questions  are  connected  with  the  social,  political,  and  military  movements. 
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Europe  in  Renaissance  and  Reformation,  1453-1659.  By  M.  A. 

Hollings,  M.A.  Crown  8vo,  2s.  6d.  [Six  Ages  of  European  History. 

This  book  deals  with  the  formation  of  the  modern  European  state-system, 
the  Renaissance  and  Reformation  (both  Protestant  and  Catholic),  the  con- 
solidation and  ascendancy  of  France  in  Europe,  and  the  Wars  of  Religion, 
ending  with  the  Thirty  Years’  War. 

The  Age  of  the  Enlightened  Despot,  1660-1789.  By  A.  H. 
Johnson,  M.A.,  Fellow  of  All  Souls’.  With  io  Maps.  Crown  8vo, 
2s.  6d.  [Six  Ages  of  European  History. 

The  period  covered  by  this  volume  opens  with  the  triumph  of  the  monarchy 
of  Louis  xiv.  and  closes  with  the  failure  of  the  rule  of  Louis  XVI.  The  aim  of 
the  volume  is  to  bring  clearly  before  the  young  reader  the  theory  of  monarchical 
rule  represented  by  these  kings,  and  to  show  when  and  why  they  succeeded 
or  failed. 

The  Central  Period  of  the  Middle  Age,  918-127S.  By  B.  A.  Lees, 
Resident  History  Tutor,  Somerville  College,  Oxford.  With  many  Maps. 
Crown  8vo,  2s.  6d.  [£&  Ages  of  European  History. 

Opening  with  the  election  of  Henry  the  Fowler,  and  closing  with  the  rise 
of  the  House  of  Hapsburg  to  power,  it  covers  the  period  of  the  struggle  for 
supremacy  between  Empire  and  Papacy  and  of  the  gradual  building  up  of 
the  nations  of  modern  Europe  on  the  ruins  of  Imperial  Rome.  It  traces  the 
development  of  feudalism  and  monasticism,  of  chivalry  and  the  Crusades,  of 
scholasticism  and  the  Universities,  and  connects  these  great  movements  with 
the  great  men  who  inspired  and  led  them. 

The  End  of  the  Middle  Age,  1273-1458.  By  E.  C.  Lodge,  Vice- 
Principal  and  History  Tutor,  Lady  Margaret  Hall.  Crown  8vo,  2s.  6d. 

[Six  Ages  of  European  History. 

The  period  which  it  covers  is  one  of  great  importance.  It  marks  the  decay 
of  the  political  system  of  the  Middle  Ages,  and  the  disappearance  of  the  old 
unity  in  Western  Europe  ; whilst  in  it  can  be  traced  the  growth  of  new  ideals 
to  take  the  place  of  the  old,  and  above  all  the  rise  of  nations.  It  is  essentially 
a time  of  transition,  a period  of  effort  and  experiment  rather  than  of  finished 
work.  Its  great  interest  lies  in  the  fact  that  all  the  details  of  the  history  are 
part  of  this  gradual  change  from  the  Middle  Ages  to  Modern  days. 

The  Remaking  of  Modern  Europe  : From  the  Outbreak  of  the  French 
Revolution  to  the  Treaty  of  Berlin,  1789-1878.  By  J.  A.  R.  Marriott, 
M.A.  With  10  Maps.  Third  Edition.  Crown  8vo,  2s.  6d. 

[Ya-r  Ages  of  European  History. 

It  contains  a sketch  of  European  history  from  the  outbreak  of  the  French 
Revolution  to  the  Treaty  of  Berlin,  presenting  a vivid  picture  of  the  revolu- 
tionary period,  of  the  rise  and  fall  of  Napoleon,  and  of  the  larger  movements 
of  European  politics  since  Waterloo. 

The  Dawn  of  Mediaeval  Europe,  476-918.  By  J.  H.  B.  Masterman, 
M.A.,  Professor  of  History  at  the  University  of  Birmingham.  With 
many  Maps.  Crown  8vo,  2S.  6d.  [Sr*  Ages  of  European  History. 

It  is  hardly  possible  to  understand  European  history  without  some  know- 
ledge of  the  settlement  of  Europe  after  the  Teutonic  immigrations  and  the  fall 
of  the  Empire  in  the  West.  This  volume  traces  the  successive  rise  of  the 
Gothic  and  Frankish  Kingdoms,  leading  to  the  establishment  of  the  Holy 
Roman  Empire  under  Charles  the  Great,  and  its  break  up  under  his  descend- 
ants. The  influence  of  the  Eastern  Empire,  and  the  rise  and  conquests  of  the 
Mohammedan  faith,  are  considered  chiefly  in  their  bearing  on  the  develop- 
ment of  Western  Europe.  Attention  is  directed  especially  to  the  central 
figures  of  the  period:  Theodoric,  S.  Benedict,  Justinian,  Clovis,  Charles  the 
Great. 

English  Records.  By  H.  E.  Malden,  M.A.  A Companion  to  the 
History  of  England.  Crown  8vo,  3s.  6d. 

This  handbook  is  intended  to  furnish  the  necessary  basis  of  facts  for  those 
who  are  hearing  historical  lectures  or  reading  history.  It  aims  also  at 
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concentrating  information  upon  dates,  genealogies,  historical  geography, 
officials,  wars,  and  constitutional  documents  which  is  usually  only  to  be 
found  scattered  in  different  volumes. 

The  Rights  and  Duties  of  the  English  Citizen.  By  H.  E.  Malden, 
M.A,  Seventh  Edition.  Crown  8vo,  is.  6d. 

A reader  describing  in  outline  the  Imperial  and  Local  Government  of 
England. 

A School  History  of  Surrey.  By  H.  E.  Malden,  M.A.  With  4 
Maps  and  50  Illustrations.  Crown  8vo,  is.  6d. 

[. School  County  Histories. 

Original  Illustrations  of  English  Constitutional  History. 
Comprising  a Selected  Number  of  the  Chief  Charters  and  Statutes. 
By  D.  J.  Medley,  M.A.,  Professor  of  History  in  the  University  of 
Glasgow.  Crown  8vo,  7s.  6d.  net. 

This  volume  covers  the  whole  period  from  the  Anglo-Saxon  laws  to  the 
Act  of  Union  with  Ireland.  University  teachers  have  long  desired  such  a 
collection  in  a single  volume.  In  those  already  published  the  pieces  are 
translated.  But  since  the  object  of  this  selection  is  that  it  should  serve  as 
an  introduction  to  more  extended  study,  the  documents  written  in  French  or 
Latin  are  presented  in  the  original  language,  and  they  are  annotated 
throughout  with  extracts  from  other  original  material  bearing  on  all  important 
points,  in  order  that  each  passage  may  be  as  far  as  possible  its  own 
interpreter. 

A School  History  of  Middlesex.  By  Victor  G.  Plarr,  M.A.,  and 
F.  W.  Walton,  M.A.  With  45  Illustrations  and  a Plan  of  London. 
Crown  8vo,  is.  6d.  [ School  County  Histories. 

Examination  Papers  in  English  History.  By  J.  T.  Plowden- 
Wardlaw,  B.A.  Crown  8vo,  2s.  6d.  [School  Examination  Series. 

These  papers  are  designed  for  candidates  for  a pass  degree  in  History  in 
the  Universities,  and  for  students  taking  Historical  Scholarships,  Army 
Candidates,  and  the  ordinary  work  in  Public  Schools. 

A Student’s  History  of  Scotland.  By  David  W,  Rannie,  M.A. 
Crown  8vo,  3s.  6d. 

A history  written  throughout  in  simple  language,  and  putting  as  clearly 
as  possible  the  results  of  the  most  careful  recent  criticism  from  original 
sources. 

A School  History  of  Somerset.  By  Walter  Raymond.  With 
4 Maps  and  50  Illustrations.  Second  Edition.  Crown  8vo,  is.  6d. 

[. School  County  Histories. 

A School  History  of  Lancashire.  By  W.  E.  Rhodes,  M.A. 
With  3 Maps  and  43  Illustrations.  Crown  8vo,  is.  6d. 

[1 School  County  Histories. 

A Handy  Digest  of  British  History.  By  C.  E.  Snowden. 
Demy  8vo,  4s.  6d. 

A guide  and  companion  that  aims  at  presenting  a clear  and  easily  grasp- 
able  analysis  of  the  course  of  events  to  students  who  are  reading,  and  at 
refreshing,  at  a minimum  cost  of  time  and  trouble,  the  memories  of  those 
who  have  read.  It  supplies  a commentary  on  the  more  important  and 
leading  questions  of  each  period,  while  it  contents  itself  with  the  barest 
mention  of  episodes,  the  details  of  which  can  be  found  in  most  textbooks. 

History  and  Geography  Examination  Papers.  By  C.  H.  Spence, 
M.A.,  Assistant  Master  at  Clifton  College.  Third  Edition.  Crown 
8vo,  2s.  6d.  [School  Examination  Series. 
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The  French  Revolution.  By  J.  E.  Symes,  M.A.,  Principal  of  Uni- 
VerAltyuC°  ege’  Nottmgham*  Second  Edition.  Crown  8vo,2s  6d 
A short  general  account  of  the  French.  Revolution,  bringing  out  the 
significance  of  the  chief  facts  and  their  relation  to  problems  of  om  time 
English  Life  Three  Hundred  Years  Ago.  Being  the  first  two 
chapters  of  “England  under  the  Stuarts.”  By  G.  M.  Trevelyan 

B A*’Held°VV  ?f  Tf  Khty  S°Ufges  Cambridge*  Edited  by  J-  Turral’ 
B.A.,  Headmaster  of  the  Blackpool  Secondary  School.  Crown  8vo,  is! 

160^  10*164*  aCC°Unt  °l  the  State  of  EnSland  and  English  Society  from 

Revision  Notes  on  English  History.  By  F.  Wallace-Hadrill, 
As^stant  Master  at  Kingston-on-Thames  Grammar  School.  Cr.  8vo,  is. 
of  7?^  b°?k  1S  no!  mttnd^d  to  supersede  but  rather  to  supplement  the  use 
,ordmary  class-book,  and  has  been  written  chiefly  for  the  use  of 
candidates  preparing  for  the  Local  Examinations.  It  contains  a chrono- 

glemlSSS^h  reigm  8 eVe"‘S  °f  ‘°ge,her  With 

A History  of  Great  Britain.  From  the  Coming  of  the  Angles  to  the 
Year  1870^  By  E.  M.  Wilmot-Buxton,  F.R.Hist.S.  With  20  Maps. 
Second  Edition.  Crown  8vo,  3s.  6d. 

This  book  attempts  to  break  through  the  conventional  lines  on  which 
History  Class-books  are  laid  down.  With  very  few  exceptions  these  books 
make  the  reign  the  chapter-limit,  and  take  each  event  in  chronological  order. 
In  this  book  the  old  system  has  been  entirely  discarded,  and  each  chapter 
will  be  found  to  deal  with  one  great  movement,  which  is  traced  in  cause 
events,  and  result.  Another  feature  is  the  close  connection  which  has  been 
maintained  throughout  with  European  History. 

Makers  of  Europe  of  EuroPean  History  for  the  Middle  Forms 

of  Schools.  By  E.  M.  Wilmot-Buxton,  F.R.Hist.S.  With  12  Maps. 
Tenth  Edition.  Crown  8vo,  3s.  6d.  p 

A Textbook  of  European  History  for  Middle  Forms  and  Pupil  Teachers 
on  the  same  lines  as  “ A History  of  Great  Britain.” 

EaS?  P* fr°^  uE??Ush  ^stor7-  By  E.  M.  Wilmot-Buxton, 

F.R.msbS.  Fifth  Edition.  Crown  8vo,  is.  [Beginners  Books. 

A historical  reader  arranged  on  the  century  method ; that  is,  it  aims  at 
enabling  the  learner,  before  any  detailed  study  is  attempted,  to  run  his  eve 
over  the  centuries,  and  point  out  the  main  feature  of  each  succeeding  epoch. 
The  book  contains  thirty-five  stories,  from  Caradoc  to  Gordon,  well  and 
simply  told,  chosen  with  a view  to  illustrate  each  century. 

St0Iie®  ^ode™  History.  By  E.  M.  Wilmot-Buxton, 

F.R.Hist.S.  Crown  8vo,  is.  6d.  [New  Historical  Scries. 

An  introduction  to  the  story  of  modem  history  for  pupils  up  to  the  age  of 
bvelve.  In  accordance  with  the  suggestions  made  in  the  late  circular  of  the 
Board  of  Education,  it  deals  with  “ the  chief  events  and  characters  from  the 
history  of  the  most  important  nations  in  their  traditional  form. ” It  aims  also 
at  giving  some  idea  of  the  nature  of  the  great  nations  and  stages  in  civilisa- 
tion, centred  round  certain  individuals  or  events  in  their  chronological 
succession  m such  a way  that  young  children  shall  be  able  at  least  to 
place  the  most  notable  characters  of  history 

A Junior  History  of  Great  Britain.  By  E.  M.  Wilmot-Buxton. 
Crown  8vo,  2s. 

T1“s0b.00^  g»ves  a systematic  and  interesting  account  of  the  history  of 
Great  Bntam  to  pupils  erf  ages  ten  to  fourteen,  who  have  hitherto  studied  the 
subject  in  the  form  of  'Stones.’  To  prevent  it  from  being  a mere  outline 
and  m accordance  with  the  Board  of  Education’s  Circular,  many  unimport- 
ant  facts  have  been  omitted,  and  the  aim  has  been  to  give  (1)  a clear 
apprehension  of  the  chief  events  in  chronological  sequence ; (3)  a fairly 
detailed  study  of  tte  aspects  which  should  specially  appeal  to  young  pupils. 
The  connection  of  history  with  literature  has  been  maintained  throughout. 
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A School  History  of  Warwickshire.  By  B.  C.  A.  Windle,  D.Sc., 
F.R.S.,  President  of  Queen’s  College,  Cork.  With  2 Maps  and  47 
Illustrations.  Crown  8vo,  is.  6d.  [ School  County  Histories. 

Latin 

Grammars,  Exercises,  etc. 

A Junior  Latin  Prose.  By  H.  N.  Asman,  M.A.,  B.D.  Crown 
8vo,  2s.  6d.  \Junior  School  Books. 

The  “Junior  Latin  Prose”  is  written  primarily,  though  not  exclusively, 
with  a view  to  the  Junior  Locals.  It  contains  explanation  of,  and  exercises 
on,  the  chief  rules  of  Syntax,  with  special  attention  to  points  which  cause 
difficulty  to  boys,  and  concludes  with  exercises  in  Continuous  Prose. 

Junior  Latin  Examination  Papers  in  Miscellaneous  Grammar 
and  Idioms.  By  C.  G.  Botting,  B.A.,  Assistant  Master  at  St. 
Paul’s  School.  Seventh  Edition.  Fcap.  8vo,  is.  Key,  3s.  6d.  net. 

[Junior  Examination  Series. 

An  easier  book  on  the  same  lines  as  Stedman’s  ‘ ‘ Latin  Examination 
Papers.”  It  is  intended  for  use  in  the  Lower  Forms  of  Public  Schools,  and 
by  candidates  preparing  for  the  Oxford  and  Cambridge  Junior  Local 
Examinations.  The  volume  contains  720  carefully  graduated  original 
questions,  divided  into  papers  of  ten  questions  each. 

Examination  Papers  in  Vergil.  By  W.  G.  Coast,  B.A.,  Assistant 
Master  at  Fettes  College.  Crown  8vo,  2s. 

Three  papers  are  given  to  each  Georgic,  five  to  each  ALneid,  and  one  to 
each  Eclogue,  and  in  addition  there  are  a number  of  general  papers. 

Latin  Passages  for  Unseen  Translation.  By  A.  M.  Cook,  M.A., 
Assistant  Master  at  St.  Paul’s  School,  and  E.  C.  Marchant,  M.A., 
Tutor  of  Lincoln  College,  Oxford.  Third  Edition.  Crown  8vo,  is.  6d. 

Two  hundred  Latin  passages,  arranged  in  order  of  increasing  difficulty. 
Has  been  carefully  compiled  to  meet  the  wants  of  V.  and  VI.  Form  boys  at 
the  Public  Schools,  and  is  also  well  adapted  for  the  use  of  honourmen  at  the 
Universities.  Prose  and  verse  alternate  throughout. 

A School  Latin  Grammar.  By  PI.  G.  Ford,  M.A.,  Assistant  Master 
at  Bristol  Grammar  School.  Crown  8vo,  2s.  6d.  [Junior  School  Books. 

Both  in  the  Accidence  and  Syntax  what  is  essential  for  beginners  is 
carefully  separated,  by  a system  of  typing  or  paging,  from  what  they  may 
neglect.  The  book  may  thus  be  used  by  boys  of  all  forms. 

Notes  on  Greek  and  Latin  Syntax.  By  G.  Buckland  Green, 
M.A.,  Assistant  Master  at  Edinburgh  Academy.  Second  Edition. 
Crown  8vo,  3s.  6d. 

For  description,  see  under  “Greek.” 

Initia  Latina.  Easy  Lessons  on  Elementary  Accidence.  By  A.  M.  M. 
Stedman,  M.A.  Twelfth  Edition.  Fcap.  8vo,  is. 

A very  easy  Latin  course  for  quite  young  pupils,  containing  Grammar, 
Exercises,  and  Vocabularies. 

First  Latin  Lessons.  By  A.  M.  M.  Stedman,  M.A.  Twelfth 
Edition.  Crown  8vo,  2s. 

This  book  is  much  fuller  than  “Initia  Latina,”  and  while  it  is  not  less 
simple,  it  will  carry  a boy  a good  deal  further  in  the  study  of  elementary 
Latin.  The  Exercises  are  more  numerous,  some  easy  translation  adapted 
from  Csesar  has  been  added,  and  a few  easy  Examination  Papers  will  afford 
a useful  test  of  a boy’s  knowledge  of  his  grammar.  The  book  is  intended 
to  form  a companion  book  to  the  “ Shorter  Latin  Primer.” 
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First  Latin  Header.  By  A.  M.  M.  Stedman,  M.A.  With  Note* 
adapted  to  the  Shorter  Latin  Primer,  and  Vocabulary.  Seventh 
Edition.  i8mo,  is.  6d. 

A collection  of  easy  passages  without  difficulties  of  construction  or 
thought.  The  book  commences  with  simple  sentences  and  passes  on  to 
connected  passages,  including  the  history  of  Rome  and  the  invasion  of 
Britain,  simplified  from  Eutropius  and  Caesar. 

Easy  Latin  Passages  for  Unseen  Translation.  By  A.  M.  M. 

Stedman,  M.A.  Thirteenth  Edition.  Fcap.  8vo,  is.  6d. 

in  ltnph  and  difficSty.'  f°'  be8inners-  The  Piec“  graduated 

Exempla  Latina.  First  Exercises  in  Latin  Accidence.  By  A.  M.  M. 

M-A.  With  Vocabulary.  Fourth  Edition.  Crown  8vo,  is. 
This  book  is  intended  to  be  used  midway  between  a book  of  elementary 
lessons  and  more  difficult  Exercises  on  Syntax.  It  contains  simple  and 
copious  exercises  on  Accidence  and  Elementary  Syntax. 

Easy  Latin  Exercises  on  the  Syntax  of  the  Shorter  and 
Revised  Latin  Primer.  By  A.  M.  M.  Stedman,  M.A.  With 
Vocabulary.  Thirteenth  Edition.  Crown  8vo,  is.  6d.  Key,  3s.  net. 

This  book  has  been  compiled  to  accompany  Dr.  Kennedy's  “Shorter 
Latin  Primer”  and  “Revised  Latin  Primer.”  Special  attention  has  been 
paid  to  the  rules  of  oratio  olliqua , and  the  exercises  are  numerous. 

The  Latin  Compound  Sentence.  Rules  and  Exercises.  By  A.  M.  M. 
Stedman,  M.A.  Second  Edition.  Crown  8vo,  is.  6d. ; with  Vocabu- 
lary, 2S. 


This  book  has  been  compiled  to  meet  the  requirements  of  boys  who  have 
worked  through  a book  of  easy  exercises  on  Syntax,  and  who  need  methodical 
teaching  on  the  Compound  Sentence.  In  the  main  the  arrangement  of  the 
Revised  Latin  Primer  has  been  followed. 

Notanda  Gusedam.  Miscellaneous  Latin  Exercises  on  Common  Rules 
and  Idioms.  By  A.  M.  M.  Stedman,  M.A.  Sixth  Edition.  Fcap. 
8vo,  is.  6d.  ; with  Vocabulary,  2s.  Key,  2s.  net. 

This  volume  is  designed  to  supply  miscellaneous  practice  in  those  rules 
and  idioms  with  which  boys  are  supposed  to  be  familiar.  Each  exercise 
consists  of  ten  miscellaneous  sentences,  and  the  exercises  are  carefully  gradu- 
ated. The  book  may  be  used  side  by  side  with  the  manuals  in  regular  use. 

Latin  Vocabularies  for  Repetition.  Arranged  according  to  Subjects. 
By  A.  M.  M.  Stedman,  M.A.  Sixteenth  Ed.  Fcap.  8vo,  is.  6d. 

In  this  book  an  attempt  has  been  made  to  remedy  that  scantiness  oi 
vocabulary  which  characterises  most  boys.  The  words  are  arranged  ac- 
cording to  subjects  in  vocabularies  of  twelve  words  each,  and  if  the  matter 
of  this  little  book  of  eighty-nine  pages  is  committed  to  memory,  the  pupil 
will  have  a good  stock  of  words  on  every  subject. 

A Vocabulary  of  Latin  Idioms  and  Phrases.  By  A.  M M 
Stedman,  M.A.  Fifth  Edition.  1 i8mo,  is. 

Seven  hundred  useful  Latin  phrases  arranged  alphabetically,  Latin- 
English. 


Latin  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  By  A.  M.  M.  Stedman,  M.A.  Fourteenth  Edition.  Cr. 
8vo,  2s.  6d.  Key  (Seventh  Edition),  issued  to  Tutors  and  Private 
Students  only,  6s.  net. 

The  following  papers  have  been  compiled  to  provide  boys  who  have 
passed  beyond  the  elementary  stages  of  grammar  and  scholarship  with 
practice  in  miscellaneous  grammar  and  idioms. 

Considerable  space  has  been  given  to  the  doctrines  of  the  moods  (a  real 
test  of  accurate  scholarship),  and  to  those  short  idioms  and  idiomatic  sen- 
tences which  illustrate  the  differences  between  the  English  and  Latin 
languages. 
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Elementary  Latin.  Being  a First  Year’s  Course.  By  F.  J.  Terry, 
B.A.,  Assistant  Master  at  Preston  House  School,  East  Grinstead. 
Crown  8vo,  Pupils’  Book,  2s.  ; Masters’  Book,  3s.  6d.  net. 

A year’s  school  course  arranged  for  class  teaching,  with  text  written  to 
allow  the  gradual  introduction  of  all  inflected  forms.  Nouns  and  verbs  are 
built  up  according  to  their  stem  formation  throughout,  so  that  the  learner 
gradually  acquires  the  Accidence  systematically.  As  a matter  of  practical 
experience,  boys  10  or  n years  of  age  are  able  to  construe  Caesar  at  the  end 
of  the  course  with  but  little  help.  The  book  contains  Vocabularies,  Grammar, 
and  Exercises,  and  no  other  textbook  is  required  by  the  pupils.  The  Masters’ 
Book  is  a commentary  on  the  Pupils’  book,  and  explains  the  system  of  teach- 
ing. It  directs  attention  consistently  throughout  to  the  meaning  of  words, 
and  thus  explains  the  Grammar. 

Examination  Papers  in  Horace.  By  T.  C.  Weatherhead,  M.A. 
Crown  8vo,  2s. 

In  this  volume  the  whole  of  Horace  has  been  divided  into  short  sections, 
and  a paper  has  been  set  on  each  section,  as  well  as  (usually)  two  recapitu- 
latory papers  on  each  part,  e.g.  the  first  book  of  the  Odes. 

Exercises  in  Latin  Accidence.  By  S.  E.  Winbolt,  M.A.  Crown 
8vo,  is.  6d. 

This  book  is  adapted  for  Lower  Forms,  and  is  intended  to  accompany  the 
Shorter  Latin  Primer. 

Latin  Hexameter  Verse.  An  Aid  to  Composition.  By  S.  E.  Winbolt, 
M.A.  Crown  8vo,  3s.  6d.  Key,  5s.  net. 

This  book  contains  the  fruit  of  several  years’  class  teaching.  It  is  offered 
as  a help  to  Fifth  and  Sixth  Forms  at  Public  Schools,  and  Undergraduates 
at  Universities. 

The  principle  adopted  is  to  aid  in  the  composition  of  hexameter  verse,  by 
showing  to  some  extent  the  development  of  this  literary  form,  by  inferring 
from  the  evolution  what  is  the  best  workmanship,  and  by  hinting  how 
technique  depends  largely  on  thought. 

Texts 

Caesar. — EASY  SELECTIONS  FROM  CESAR.  The  Helvetian  War. 
With  Notes  and  Vocabulary.  By  A.  M.  M.  Stedman,  M.A.  Illus- 
trated. Fourth  Edition.  i8mo,  is. 

Livy.— EASY  SELECTIONS  FROM  LIVY.  The  Kings  of  Rome. 
With  Notes  and  Vocabulary.  By  A.  M.  M.  Stedman,  M.A.  Illus- 
trated. Second  Edition.  i8mo,  is.  6d. 

Plautus. — THE  CAPTIVI.  Edited,  with  an  Introduction,  Textual  Notes, 
and  a Commentary,  by  W.  M.  Lindsay,  Fellow  of  Jesus  College 
Oxford.  Demy  8vo,  10s.  6d.  net. 

The  editor  has  recollated  all  the  important  MSS.  The  book  contains  a 
long  Introduction  and  an  important  Appendix  on  the  accentual  elements  in 
early  Latin  verse.  The  textual  Notes  are  complete  and  the  Commentary  is  full. 

Tacitus. — TACITI  AGRICOLA.  With  Introduction,  Notes,  Maps,  etc. 
By  R.  F.  Davis,  M.A.  Crown  8vo,  2s. 

TACITI  GERMANIA.  By  R.  F.  Davis,  M.A.  Crown  8vo,  2s. 

The  text,  edited  with  an  Introduction,  Notes,  and  Critical  Appendix  for 
Middle  Forms. 

Translations 

Cicero.— DE  ORATORE  I.  Translated  by  E.  N.  P.  Moor,  M.A.,  late 
Assistant  Master  at  Clifton.  Second  Edition.  Crown  8vo,  3s.  6d. 

SELECT  ORATIONS  (Pro  Milone,  Pro  Murena,  Philippic  11. , In 
Catilinam).  _ Translated  by  H.  E.  D.  Blakiston,  M.A.,  Fellow  and 
Tutor  of  Trinity  College,  Oxford.  Crown  8vo,  15s. 
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Cicero. — DE  NATURA  DEORUM.  Translated  by  F.  Brooks,  M.A., 
late  Scholar  of  Balliol  College,  Oxford.  Crown  8vo,  3s.  6d. 

DE  OFFICIIS.  Translated  by  G.  B.  Gardiner,  M.A.  Crown 

8vo,  2s.  6d. 

Horace. — THE  ODES  AND  EPODES.  Translated  by  A.  D.  Godley, 
M.A.,  Fellow  of  Magdalen  College,  Oxford.  Crown  8vo,  2s. 

Juvenal.— THIRTEEN  SATIRES  OF  JUVENAL.  Translated  by 
S.  G.  Owen,  M.A.  Crown  8vo,  2s.  6d. 

Tacitus.— AGRICOLA  AND  GERMANIA.  Translated  by  R.  B.  Town- 
shend,  late  Scholar  of  Trinity  College,  Cambridge.  Crown  8vo,  2s.  6d. 

Mathematics 

Algebra 

Easy  Exercises  in  Algebra.  Containing  3500  Original  Problems. 
By  W.  S.  Beard.  Second  Edition.  Crown  8vo.  With  Answers, 
is.  9d.  ; Without  Answers,  is.  6d. 

A preparatory  course  in  Algebra  for  the  Local  Examinations.  This  book 
contains  many  distinctive  features. 

Test  Cards  in  Euclid  and  Algebra.  By  D.  S.  Calderwood, 
Headmaster  of  the  Provincial  Training  College,  Edinburgh.  In  three 
packets  of  40,  with  Answers,  is.  each ; or  in  three  books,  price 
2d.,  2d.,  and  3d. 

Junior  Algebra  Examination  Papers.  By  S.  W.  Finn,  M.A., 

Headmaster  of  Sandbach  School.  With  or  Without  Answers. 
Fcap.  8vo,  is.  [ Junior  Examination  Series. 

Seventy-two  Papers  of  ten  questions  each.  The  problems,  which  are 
original,  will  be  found  suitable  for  candidates  for  the.  Local  Examinations. 

Arithmetic 

Easy  Exercises  in  Arithmetic.  Containing  5000  Examples  By 
W.  S.  Beard.  Fourth  Edition.  Fcap.  8vo.  With  Answers,  is.  3d.  ; 
Without  Answers,  is.  [Beginner’s  Books. 

A course  of  Arithmetic  for  Lower  Forms  in  Secondary  Schools  and  pupils 
preparing  for  Public  Schools,  Naval  Cadetships,  the  Oxford  and  Cambridge 
Preliminary  Local  Examinations.  The  examples  are  very  numerous,  care- 
fully graduated,  and  do  not  involve  the  use  of  big  numbers. 

Junior  Arithmetic  Examination  Papers.  By  W.  S.  Beard. 
With  or  Without  Answers.  Fifth  Edition.  Fcap.  8vo,  is. 

[Junior  Examination  Series. 

Contains  900  Questions  arranged  in  Papers  of  ten  each.  Suitable  for 
candidates  for  the  Local  Examinations,  County  Scholarships,  etc. 

The  Metric  System.  By  Leon  Delbos.  Crown  8vo,  2s. 

A clear  and  practical  account  of  the  subject,  stating  its  advantages  and 
disadvantages,  the  general  principles  of  the  system,  linear  measures,  square 
and  land  measure,  cubic  measure  and  measures  of  capacity. 

A South  African  Arithmetic.  By  H.  Hill,  B.A.  Cr.  8vo,  3s.  6d. 

Contains  a number  of  examples  on  the  South  African  Weights  and 
Measures. 

Technical  Arithmetic  and  Geometry.  By  C.  T.  Millis,  M.I.M.E., 
Principal  of  the  Borough  Polytechnic  Institute.  For  use  in  Technical 
Institutes,  Modern  Schools,  and  Workshops.  Crown  8vo,  3s.  6d. 

[ Textbooks  of  Science. 

A course  in  Arithmetic,  Geometry,  and  Mensuration  intended  more 
especially  for  students  in  the  engineering  and  building  trades. 
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Arithmetic  Examination  Papers.  By  C.  Pendlebury,  M.A.s 
Senior  Mathematical  Master  at  St.  Paul’s  School.  Sixth  Edition! 
Crown  8vo,  2s.  6d.  Key,  5s.  net.  [ School  Examination  Series. 

A New  Junior  Arithmetic.  By  H.  Bompas  Smith,  M.A.,  Head- 
master of  King  Edward  vir.  School,  Lytham.  Crown  8vo.  With 
Answers,  2s.  6d.  ; Without  Answers,  2s. 

In  this  book  Arithmetic  is  taught  as  the  habitual  application  of  common 
sense  to  questions  involving  number,  not  as  the  acquisition  of  mechanical 
facilities  in  certain  rules.  It  is  the  cheapest  Arithmetic  on  reform  lines  issued. 

A Short  Commercial  Arithmetic.  By  F.  G.  Taylor  M A 

Fourth  Edition.  Crown  8vo,  is.  6d.  [Commercial  Series. 

A treatise  for  those  with  a fair  knowledge  of  Arithmetic  and  Algebra 
Special  attention  is  given  to  quick  methods  of  approximation.  Contains  an 
excellent  chapter  on  the  slide  rule. 


Book-keeping 

The  Principles  of  Book-Keeping  by  Double  Entry.  By  J.  E. 

B.  M‘Allen,  M.A.,  Headmaster  of  Lowestoft  Secondary  Day  School 
Crown  8vo,  2s.  [ Commercial  Series. 

A clear  and  intelligible  account  of  the  principles  of  the  subject  for  those 
who  have  no  previous  knowledge  of  the  subject. 

Examination  Papers  on  Book-Keeping  By  J.  T.  Medhurst. 
Tenth  Edition.  Crown  8vo,  3s.  Key,  2s.  6d.  net. 

[School  Examination  Series. 


Geometry 

Geometry  on  Modern  Lines.  By  E.  S.  Boulton,  M.A.,  Lecturer 
on  Mathematics,  Merchant  Venturers’  Technical  College,  Bristol 
Crown  8vo,  2s. 

A textbook  on  the  new  method.  Only  necessary  propositions  have  been 
retained,  and  the  proofs  are  based  on  the  simplest  process  of  reasoning. 

A Preliminary  Geometry.  By  Noel  S.  Lydon,  Assistant  Master  at 
Owen  s School,  Islington.  With  1 59  Diagrams.  Crown  8vo,  is. 

The  “ Preliminary  Geometry  ” is  intended  for  the  use  of  beginners.  The 
treatment  of  the  subject  is  mainly  experimental  and  practical  and  the 
ground  covered  is  sufficient  to  enable  the  pupil  to  pass  easily  to  the  study  of 
a formal  course  of  theorems.  Problems  involving  accurate  measurement  and 
arithmetical  applications  of  geometrical  principles  are  freely  used : the  book 
is  copiously  illustrated  and  a large  number  of  useful  exercises  is  provided. 


A Junior  Geometry.  By  Noel  S.  Lydon.  With  276  Diagrams 
Se,'"th  E‘1'tI°n-, , Crown  8vo  2S.  [.  funior  School  Books. 

I he  method  of  treatment  is  the  outcome  of  the  author’s  long  practical  ex- 
perience as  teacher  of  the  subject  at  Owen’s  School,  Islington.  The  group- 
ing  of  kindred  propositions,  the  demonstrations  attached  to  the  practical 
problems,  the  copious  series  of  questions  and  exercises,  and  the  methodical 
division  of  the  subject  into  lessons  of  practical  length,  are  features  calculated 
to  commend  themselves  to  both  master  and  pupil. 


Mechanics 

Examples  in  Elementary  Mechanics,  Practical,  Graphical  and 
Theoretical,  By  W.  J.  Dobbs,  M.A.  With  52  Diagrams.  Crown 
°vo’  5s-  (See  under  Physics , p.  32. ) 
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Trigonometry 

A New  Trigonometry  for  Beginners.  By  R.  F.  D’Arcy,  M.A., 
Lecturer  on  Mathematics  at  Gonville  and  Caius  College,  Cambridge. 
With  numerous  Diagrams.  Crown  8vo,  2s.  6d. 

Among  the  special  features  of  this  book  are: — The  introduction  of  ex- 
periments in  practical  geometry  to  lead  up  to  many  of  the  topics  considered  ; 
the  use  throughout  the  book  of  four-figure  tables  ; the  regulation  of  the 
special  consideration  of  the  trigonometrical  ratios  of  angles  of  30,  45,  60,  120, 
135,  and  150  degrees  to  a few  worked-out  examples. 

Trigonometry  Examination  Papers.  By  G.  H.  Ward,  M.A. 
Fourth  Ed.  Cr.  8vo,  2s.  6d.  Key,  5s.  net.  [ School  Examination  Series . 

Science 

Biology 

Agricultural  Zoology.  By  J.  Ritzema  Bos.  Translated  by  J.  R. 
Ainsworth  Davies,  M.A.  With  155  Illustrations.  Third  Edition. 
Crown  8vo,  3s.  6d. 

A condensed  review  of  the  entire  animal  kingdom,  treating  in  some  detail 
the  animals  harmful  or  helpful  to  agriculture.  It  is  a manual  suitable  not 
only  for  students,  but  also  for  the  practical  farmer  and  general  reader. 
Dairy  Bacteriology.  A Short  Manual  for  Students  in  Dairy  Schools, 
Cheese-makers,  and  Farmers.  By  Ed.  von  Freudenreich.  Trans- 
lated by  J.  R.  Ainsworth  Davis,  M.A.  Second  Edition,  Revised. 
Crown  8vo,  2s.  6d. 

A brief  treatise  on  bacteriology  as  applied  to  dairying.  For  students  who 
mean  to  become  cheese-makers  or  dairymen,  it  is  only  necessary  to  get  a 
general  idea  of  bacteriology  and  to  become  familiarised  with  the  results  so 
far  attained  by  bacteriological  research  as  regards  dairying,  and  the  practical 
application  of  the  same.  The  author  has  therefore  introduced  only  so  much 
of  the  general  part  of  bacteriology  as  is  absolutely  necessary  for  the  com- 
prehension of  the  bacteria  of  milk,  and  has  made  the  whole  as  brief  and 
elementary  as  possible. 

Plant  Life.  Studies  in  Garden  and  School.  By  Horace  F.  Jones, 
Science  Master,  Uxbridge  County  School.  With  320  Illustrations. 
Crown  8vo,  3s.  6d.  [ Textbooks  of  Science, 

A handbook  for  teachers  of  botany.  A large  number  of  experiments  are 
included,  and  full  nature-study  notes  on  all  plants  usually  studied  in  the 
class-rooms  are  given.  It  is  recommended  by  the  Board  of  Education  in 
" Suggestions  on  Rural  Education,”  page  42. 

‘ ‘ This  volume  furnishes  just  the  right  kind  of  course,  both  in  garden  work 
and  in  class-room  experiments,  which  is  likely  to  stimulate  a permanent  interest 
in  the  mind  of  the  pupil  and  lead  him  to  continue  his  investigations  after  he  has 
left  school.  We  have  great  pleasure  in  recommending  the  book.” — Schoolmaster. 
The  Scientific  Study  of  Scenery.  By  J.  E.  Marr,  F.R.S.,  Fellow  of 
St.  John’s  College,  Cambridge.  Third  Edition.  Illustrated.  Crown 
8vo,  6s. 

An  elementary  treatise  on  geomorphology  for  geographers.  As  far  as 
possible  technical  terms  have  been  avoided  to  render  it  intelligible  to  the 
general  reader  who  wishes  to  obtain  some  notion  of  the  laws  which  have 
controlled  the  production  of  the  earth’s  principal  scenic  features. 
Agricultural  Geology.  By  J.  E.  Marr,  F.R.S.  Illustrated.  Crown 
8vo,  6s. 

A textbook  of  geology  for  agricultural  students,  more  especially  such  as 
are  preparing  for  the  International  Diploma  in  agriculture. 
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Outlines  of  Biology.  By  P.  Chalmers  Mitchell,  M.A.,  Secretary 
to  the  Zoological  Society  of  London.  Illustrated.  Second  Edition. 
Crown  8vo,  6s. 

The  contents  of  this  book  have  been  determined  by  the  syllabus  of  the 
conjoint  Examining  Board  of  the  Royal  Colleges  of  Physicians  and  Surgeons. 
The  book  serves  as  a guide  in  the  laboratory,  and  also  will  supply  the 
necessary  connecting  links  between  the  isolated  facts  presented  by  the  seven 
or  eight  plants  and  animals  selected  out  of  the  multitude  of  living  organisms. 

An  Elementary  Textbook  of  Agricultural  Botany.  By  M.  C. 
Potter,  M.A.,  F.L.S.,  Professor  of  Botany,  Armstrong  College, 
Newcastle-on-Tyne.  Illustrated.  Third  Edition.  Crown  8vo,  4s.  6d. 

A textbook  of  Botany  intended  more  especially  for  agricultural  students. 
Considerable  space  is  devoted  to  vegetable  physiology. 

Insect  Life.  By  F.  V.  Theobald,  M.A.  Illustrated.  Second  Edition, 
Revised.  Crown  8vo,  2s.  6d. 

A short  account  of  the  more  important  characteristics  of  insects,  dealing 
with  their  economic  value  at  the  same  time. 

Chemistry 

A Practical  Chemistry  Notebook  for  Matriculation  and  Army 
Candidates.  Easy  Experiments  on  the  Commoner  Substances.  By 
S.  E.  Brown,  M.A.,  B.Sc.,  Senior  Science  Master  at  Uppingham. 
Crown  4to,  is.  6d.  net. 

The  method  is  based  on  practical  experience,  and  aims  at  maintaining 
interest  by  ensuring  success  and  accuracy  in  experimenting.  The  chirf 
objects  in  view  are : — (1)  a logical  sequence  in  work  and  accurate  experi- 
menting by  demonstration  of  practical  use  of  apparatus  ; (2)  to  allow  the 
teacher  more  time  for  individual  attention,  and  to  keep  the  class  together  at 
work  on  the  same  experiment.  This  is  done  by  providing  a series  of 
practical  problems  to  keep  the  more  rapid  workers  employed,  as  well  as  for 
use  in  revision.  Working  for  two  hours  (practical)  per  week,  the  course 
should  be  completed  in  about  three  terms.  There  are  spaces  provided  for 
notes  to  be  taken  by  the  pupil. 

A Practical  Chemistry  for  Schools  and  Technical  Institutes. 
By  A.  E.  Dunstan,  B.Sc.  (Sheffield  and  London);  F.C.S.  (London 
and  Berlin) ; Member  of  the  Society  of  Chemical  Industry  ; Head  of 
Chemical  Department,  East  Ham  Technical  College.  Crown  8vo,  3s.  6d. 

[ Textbooks  of  Science. 

This  Course  of  Practical  Chemistry  meets  the  requirements  of  the  Upper 
Forms  of  Secondary  Schools,  where  a good  elementary  foundation  has  been 
laid  in  the  rudiments  of  manipulation.  The  book  will  be  found  useful  also 
for  classes  in  Technical  Institutes  and  will  cover  the  following  ground : — 

Qualitative  Analysis  of  simple  substances  and  of  mixtures,  Volumetric 
Analysis,  Simple  Gravimetric  Analysis,  Preparation  of  Pure  Compounds, 
More  difficult  Quantitative  Analysis,  Qualitative  Organic  Analysis,  Ultimate 
Organic  Analysis,  General  Organic  Determinations,  Determination  of 
Physical  Constants. 

Elementary  Experimental  Chemistry.  By  A.  E.  Dunstan,  B.Sc. 
(Sheffield  and  London);  F.C.S.  (London  and  Berlin);  Member  of  the 
Society  of  Chemical  Industry;  Head  of  Chemical  Department,  East 
Ham  Technical  College.  With  4 Plates  and  109  Diagrams.  Third 
Edition.  Crown  8vo,  2s.  [Junior  School  Books. 

The  arrangement  for  this  book  is  modelled  on  that  of  the  author’s  ‘ ‘ Ele- 
mentary Experimental  Science.”  The  subject  is  treated  experimentally,  and 
covers  the  necessary  ground  for  Oxford  and  Cambridge  Junior  Looals, 
College  of  Preceptors  (Second  Class),  and  Board  of  Education  (First  Stage) 
Examinations.  The  author  believes  that  the  method  adopted  is  truly 
educational.  The  subject  is  developed  in  a logical  sequence,  and  wherever 
possible,  historically. 
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An  Organic  Chemistry  for  Schools  and  Technical  Institutes, 

By  A.  E.  Dunstan.,  B.Sc.  With  2 Plates  and  many  Diagrams.  Crown 
8 vo,  2s.  6d.  [Textbooks  of  Science. 

This  new  book,  which  has  not  been  prepared  to  meet  the  requirements  of 
any  particular  examining  body,  is  intended  for  the  use  of  the  higher  forms  of 
schools  taking  the  Special  Science  Course,  and  as  a first-year  textbook 
in  Technical  Institutes.  The  author  does  not  follow  the  conventional 
separation  of  Organic  Chemistry  into  the  two  ipso  facto  inseparable  domains 
of  Aliphatic  and  Aromatic  compounds,  but  endeavours  to  give  a bird’s-eye 
view  of  the  more  prominent  features  in  the  Science. 

Practical  Chemistry.  By  W.  French,  M.  A.,  Director  of  Education  for 
Lancaster.  Part  I.  Fifth  Ed.  Cr.  8vo,  is.  6d.  [ Textbooks  of  Science. 

A course  on  purely  inductive  lines  dealing  with  evaporations  and  distilla- 
tions, filtration  solubility,  air,  water,  chalk,  soda,  common  salt,  sugar,  com- 
pound and  simple  matter,  etc. 

Practical  Chemistry.  By  W.  French,  M.A.,  and  T.  H.  Boardman, 
M.A.,  Science  Master  at  Christ’s  Hospital.  Part  II.  Crown  8vo, 
is.  6d.  [Textbooks  of  Science. 

A continuation  of  the  above  dealing  with  gases,  laws  of  chemical  com- 
bination, equivalents,  atomic  theory,  molecular  weights,  symbols,  sulphur, 
nitrogen,  carbon,  and  their  compounds,  salts,  acids,  bases,  valency. 

A Short  History  of  Chemistry.  By  T.  P.  Hilditch,  B.Sc.  (London), 
A.I.C.,  F.C.S.  Crown  8vo,  2s.  6d. 

Primarily  intended  as  a help  to  chemical  students,  more  particularly 
those  studying  for  University  or  advanced  technical  examinations,  this 
book  will  also,  it  is  hoped,  prove  serviceable  to  general  readers  who  may 
wish  to  have  a concise  outline  of  the  development  of  chemistry.  Com- 
mencing with  a general  survey  of  the  chemistry  of  the  Ancients  and  the 
Middle  Ages,  the  author  shows  how  the  modern  science  evolved  from  these, 
and  then  proceeds  to  the  history  of  the  various  branches — elements, 
minerals,  organic,  technical  and  physical  chemistry,  etc.  A glossary  of 
the  most  notable  names  in  chemistry  is  added,  and,  as  far  as  possible,  the 
sequences  of  facts  or  theories  have  been  summarised  in  tables  which, 
while  assisting  the  memory  of  the  student  preparing  for  examinations,  may 
be  omitted  by  the  casual  reader. 

The  Complete  School  Chemistry.  By  F.  M.  Oldham,  B.A.,  Senior 
Chemistry  Master  at  Dulwich  College.  With  125  Illustrations.  Fourth 
Edition.  Crown  8vo,  4s.  6d. 

A complete  course  in  practical  and  theoretical  chemistry  up  to  the 
standard  of  the  London  Matriculation  and  Army  Entrance  Examination. 
It  is  so  arranged  that  a boy  with  no  knowledge  of  chemistry  may  begin  the 
book  and  use  it  throughout  his  progress  up  the  school.  Short  courses  on 
volumetric  analysis  and  on  the  common  metals  are  included. 

Outlines  of  Physical  Chemistry.  By  George  Senter,  B.Sc., 
Ph.D.,  Lecturer  in  Chemistry  at  St.  Mary’s  Hospital  Medical  School. 
With  many  Diagrams.  Second  Edition.  Crown  8vo,  3s.  6d. 

[ Textbooks  of  Science. 

This  book  is  designed  to  serve  as  a general  introduction  to  Physical 
Chemistry,  and  is  specially  adapted  to  the  needs  of  electrical  engineers,  to 
whom  an  acquaintance  with  the  general  principles  of  this  subject  is  becoming 
of  increasing  importance.  Particular  attention  is  devoted  to  the  theory  of 
solutions  and  to  the  modern  developments  of  electro  - chemistry.  The 
general  principles  of  the  subject  are  illustrated  as  far  as  possible  by 
numerical  examples,  and  references  are  given  to  original  papers  and  to  other 
sources  of  information,  so  that  the  student  may  readily  obtain  fuller  details 
on  any  point  and  learn  to  make  use  of  current  literature.  Only  an  ele- 
mentary knowledge  of  mathematics  is  assumed. 
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A Junior  Chemistry.  By  E.  A.  Tyler,  B.A.,  F.C.S.,  Head  of  the 
Chemical  Department,  Swansea  Technical  College.  With  Illustra- 
tions. Fourth  Edition.  Crown  8vo,  2s.  6d.  [Junior  School  Books. 

The  first  twenty-three  pages  are  devoted  to  the  necessary  physical  laws 
and  processes.  The  purification  and  properties  of  water  are  used  to  illus- 
trate these  processes.  The  student  is  thus  led  by  a continuous  chain  of 
reasoning  through  the  preparation  of  pure  water  to  the  chemistry  of  water, 
and  hence  to  a knowledge  of  the  fundamental  principles  of  chemistry.  The 
middle  portion  of  the  book  treats  of  these  principles,  and  then  follows 
the  study  of  certain  typical  elements  and  compounds.  Problems  and 
Examination  Papers  are  appended. 

An  Elementary  Text  Book  of  Inorganic  Chemistry.  By  R. 
Lloyd  Whiteley,  F.I.C.,  Principal  of  the  Municipal  Science  School, 
West  Bromwich.  Crown  8vo,  2s.  6d. 

This  book  has  been  written  primarily  for  the  use  of  those  who  are  com- 
mencing the  Study  of  Theoretical  Inorganic  Chemistry  on  the  lines  laid 
down  for  Stage  I.  of  that  subject  in  the  Syllabus  issued  by  the  Board  of 
Education.  The  subject-matter  of  that  Syllabus  has  consequently  been 
fully  discussed. 


General  Science 

Elementary  Experimental  Science.  By  W.  T.  Clough,  Head  of 
the  Department  of  Physics  and  Electrical  Engineering,  East  Ham 
Technical  College,  and  A.  E.  Dunstan,  Head  of  the  Chemical  Depart- 
ment, East  Ham  Technical  College.  Physics  by  W.  T.  Clough, 
A.R.C.S.  : Chemistry  by  A.  E.  Dunstan,  B.Sc.  With  2 Plates 
and  154  Diagrams.  Ninth  Edition.  Crown  8vo,  2s.  6d. 

[ Junior  School  Books. 

This  book  is  primarily  intended  for  the  use  of  candidates  taking  Experi- 
mental Science  in  the  Junior  Local  Examinations.  It  will  also  be  found  of 
use  to  those  competing  for  County  Council  Intermediate  Scholarships,  and 
as  a general  textbook  in  Science  Schools.  The  treatment  throughout  is 
experimental,  and  based  on  the  author’s  experience  in  preparing  boys  for 
the  above  Examinations.  The  great  majority  of  the  Diagrams  have  been 
specially  drawn — simplicity,  clearness,  and  the  avoidance  of  all  unnecessary 
features  being  particularly  aimed  at. 

Elementary  Science  for  Pupil  Teachers.  Physics  Section  by 
W.  T.  Clough;  Chemistry  Section  by  A.  E.  Dunstan.  With 
many  Illustrations.  Crown  8vo,  2s.  [ Textbooks  of  Science. 

A textbook  to  meet  the  new  requirements  of  the  Elementary  Science  section 
of  the  Preliminary  Examination  for  the  Certificate  on  the  same  lines  as  above. 

General  Elementary  Science.  By  J.  T.  Dunn,  D.Sc.,  and  V.  A. 
Mundella,  Principal  of  Sunderland  Technical  College.  With  114 
Illustrations.  Second  Edition.  Crown  8vo,  3s.  6d. 

An  intermediate  course  in  Physics  and  Chemistry  for  London  Matricula- 
tion. It  is  the  textbook  adopted  by  the  Admiralty  for  Elementary  Science 
at  Greenwich  College. 

The  World  of  Science.  By  R.  Elliott  Steel,  M.A.,  F.C.S.,  Science 
Master  at  Sherborne  School.  With  147  Illustrations.  Second  Edition. 
Crown  8vo,  2s.  6d. 

An  elementary  account  of  Chemistry,  Heat,  Light,  Sound,  Magnetism. 
Electricity,  Botany,  Zoology,  Physiology,  Astronomy,  and  Geology  written 
in  an  interesting  manner  for  children. 
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Physics 

Elementary  Experimental  Electricity  and  Magnetism.  By  W. 
T.  Clough,  A.R.C.Sc.,  F.C.S.,  Fellow  of  the  Physical  Society,  Head 
of  the  Department  of  Physics  and  Electrical  Engineering,  East  Ham 
Technical  College.  With  200  Illustrations  and  Diagrams.  Crown  8vo, 
2s.  6d.  [ Textbooks  of  Science. 

This  book  is  intended  for  the  use  of  students  taking  Electricity  and 
Magnetism  in  the  Junior  Local  Examinations,  and  for  those  taking  Stage  I. 
in  the  Board  of  Education  Examinations.  The  treatment  throughout  is 
experimental,  and  based  on  the  author’s  experience  in  preparing  boys  for 
the  above  examinations.  It  is  hoped  that  it  will  be  found  useful  as  an 
introductory  course  to  the  subject  of  Electrical  Engineering.  The  great 
majority  of  the  diagrams  have  been  specially  drawn — simplicity,  clearness, 
and  the  avoidance  of  all  unnecessary  features  being  particularly  aimed  at. 

The  book  provides  in  one  volume  theoretical  and  practical  instruction  in 
Electricity  and  Magnetism.  Worked  examples  of  typical  problems  are 
given,  and  there  is  also  a Glossary  and  List  of  Definitions.  In  fact,  the 
arrangement  of  the  book  is  modelled  on  that  of  the  author’s  well-known 
“ Elementary  Experimental  Science.” 

Examples  in  Elementary  Mechanics,  Practical,  Graphical,  and 
Theoretical.  By  W.  J.  Dobbs,  M.A.  With  52  Diagrams.  Crown 
8 vo,  5s.  {Textbooks  of  Science. 

This  book  is  intended  for  use  at  Schools  and  Technical  Institutes,  for 
Army  and  Navy  Candidates  and  Students  of  Engineering.  It  consists  of 
some  1400  examples  in  Elementary  Statics  and  Kinetics  exhibiting  the  latest 
development  in  the  methods  of  teaching  these  subjects.  But  it  is  something 
more  than  a mere  collection  of  examples,  being  designed  for  use  without  an 
accompanying  textbook.  The  preparation  and  use  of  simple  inexpensive 
apparatus  is  described,  and  the  numerous  practical  examples  requiring  the 
use  of  such  apparatus  have  been  found  to  give  satisfactory  results.  The 
scope  of  the  book  comprises — Tension  and  Pressure,  Young’s  Modulus  of 
Elasticity,  Equilibrium  of  Three  Forces,  Resolving  and  Taking  Moments, 
Centre  of  Gravity,  Velocity,  Acceleration,  Work,  Machines,  Energy, 
Momentum,  Friction,  Projectiles,  Rotation  and  Simple  Harmonic  Motion. 
The  answers  to  the  examples  are  given  at  the  end  of  the  book. 

Weighing  and  Measuring.  A Short  Course  of  Practical  Exercises  in 
Elementary  Mathematics  and  Physics,  by  W.  J.  Dobbs,  M.A.,  sometime 
Foundation  Scholar  of  St.  John’s  College,  Cambridge,  Author  of 
‘ ‘ Examples  in  Elementary  Mechanics,  ” etc.  Crown  8vo,  2s. 

Contents.  I.  Measurement  of  Length  ; II.  Weighing  ; III.  Measure- 
ment of  Area;  IV.  Measurement  of  Volume;  V.  Density  and  Specific  Gravity. 

This  volume  covers  that  common  ground  between  Elementary  Mathema- 
tics and  Physics  which  is  necessary  to  give  reality  to  the  former,  and  which 
is  indispensable  before  taking  up  any  serious  study  of  the  latter.  By  common 
consent,  a course  of  Weighing  and  Measuring  is  now  an  essential  part  of 
school  training  in  Elementary  Mathematics.  Care  has  been  taken  to  keep 
the  scope  of  the  book  well  within  the  reach  of  the  great  majority  of  senior 
school  children  of  both  sexes.  For  this  reason,  the  knowledge  of  Mathe- 
matics assumed  extends  only  to  Elementary  Arithmetic,  Elementary 
Algebra,  and  Elementary  Plane  Geometry  ; while  the  book  contains  as 
much  Mensuration  as  is  ordinarily  done  at  schools. 

The  course  of  practical  work  prescribed  by  the  Army  Council  for  the 
' * Leaving  Certificate  ” and  ‘ ‘Army  Qualifying”  Examinations  is  fully  covered, 
though  this  is  by  no  means  the  sole  purpose  of  the  book.  The  apparatus 
required  is  always  of  the  simplest  possible  description. 
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The  Principles  of  Magnetism  and  Electricity.  By  P.  L.  Gray, 
B.Sc.  An  Elementary  Textbook.  With  181  Diagrams.  Crown  8vo, 
3s*  6d. 

Although  not  written  to  any  special  syllabus,  the  book  will  approximately 
cover  the  requirements  of  the  Advanced  Stage  of  the  Board  of  Education 
Examination,  and  London  B.Sc.  Pass  Examination.  It  is  well  illustrated 
with  sketches  such  as  a student  may,  with  a little  practice,  draw  for  himself 
from  the  actual  apparatus. 

Examples  in  Physics.  By  C.  E.  Jackson,  M.  A.,  Senior  Physics  Master 
at  Bradford  Grammar  School.  Second  Edition.  Crown  8vo,  2s.  6d. 

[ Textbooks  of  Science. 

A collection  of  over  one  thousand  original  problems  on  Mensuration, 
Hydrostatics,  Mechanics,  Heat,  Light,  Magnetism,  Frictional  Electricity, 
Current  Electricity  and  Sound,  covering  the  average  Physics  course  in 
Secondary  Schools. 

Pirst  Year  Physics.  By  C.  E.  Jackson.  With  51  Illustrations  and 
numerous  Examples.  Crown  8vo,  is.  6d.  [ Textbooks  of  Science. 

This  book  deals  with  such  subjects  as  may  reasonably  be  included  in  a 
first  year  course  of  Physics  for  Secondary  Schools, — the  processes  of  measure- 
ment and  the  elementary  principles  of  Hydrostatics  and  Mechanics.  It  is 
an  attempt  on  the  part  of  the  author  to  provide  a textbook  which  shall  be 
a useful  supplement  to  the  lessons  of  the  class-room  and  at  the  same  time 
direct  the  experimental  work  of  the  laboratory. 


Practical  Physics : A Laboratory  Course  for  Advanced  Students.  By 
S.  S.  Richardson,  B.Sc.,  A.R.C.Sc.(Lond.),  Lecturer  in  Physics, 
Municipal  Technical  School;  Liverpool.  With  Diagrams.  Crown  8vo, 
4s.  6d.  [Textbooks  of  Science. 

This  volume  provides  a practical  course  of  work  in  Experimenal  Physics 
for  students  in  Technical  Colleges  and  in  the  higher  forms  of  Secondary 
Schools.  The  treatment  is  based  on  experience  in  teaching  the  subject 
extending  over  many  years.  Care  is  taken  to  encourage  a due  amount  of 
thought  on  the  part  of  the  student,  and  the  method  adopted  will,  it  is  hoped, 
lead  the  student  gradually  to  work  out  the  details  of  experiments  for  himself. 
The  book,  whilst  primarily  a laboratory  manual,  forms  at  the  same  time  a 
textbook  of  the  principles  of  physical  measurements.  The  requirements  of 
students  preparing  for  University  degrees,  Civil  Service,  Board  of  Education, 
and  other  examinations  requiring  a knowledge  of  higher  physics  have  been 
kept  well  in  view,  and  to  give  further  practice,  exercises  are  provided  at  the 
end  of  the  chapters. 

Physics  Examination  Papers.  By  R.  Elliott  Steel,  M.A., 
Science  Master  at  Sherborne  School.  Crown  8vo,  2s.  6d. 

[School  Examination  Series. 

Papers  on  Sound,  Light,  Heat,  Magnetism,  and  Electricity.  Both  book- 
work  and  problems  are  included. 

Elementary  Practical  Physics.  By  Henry  Stroud,  D.Sc.,  M.A., 
Professor  of  Physics,  Armstrong  College,  Newcastle-on-Tyne.  With 
1 15  Diagrams.  Second  Edition,  Revised.  Crown  8vo,  4s.  6d. 

An  introduction  to  practical  work  in  a Physical  Laboratory  and  the 
standard  works  on  the  subject. 
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Practical  Mechanics.  By  Sidney  H.  Wells,  Wh.Sc.,  A.M.Inst.C.E., 
late  Principal  of  the  Battersea  Polytechnic,  London.  An  Elementary 
Manual  for  the  use  of  Students  in  Science  and  Technical  Schools  and 
Classes.  With  75  Illustrations  and  Diagrams.  Fourth  Edition.  Crown 
8vo,  3s.  6d.  [Textbooks  of  Science. 

A laboratory  handbook  containing  all  the  mechanics  part  of  the  ele- 
mentary science  syllabus  of  the  Headmasters’  Association  and  the  London 
Matriculation. 


A Preliminary  Physiology.  By  William  Narramore,  F.L.S., 
M.R.San.  Inst.,  Lecturer  in  Physiology,  Hygiene,  Biology,  and  Botany, 
Municipal  Technical  School,  Liverpool.  Crown  8vo,  3s.  6d. 


This  book  aims  at  giving  systematic  instruction  in  relation  to  the 
essential  functions  of  the  human  body.  The  many  original  drawings, 
sketches,  and  photomicrographs,  which  have  been  prepared  directly  from 
specimens  with  the  special  object  of  elucidating  the  teaching  of  the  text, 
will  render  the  work  of  considerable  value  to  students  of  Physiology. 
“Preliminary  Physiology’’  is  adapted  not  only  to  students  following 
systematic  courses  of  study,  but  also  to  meet  the  requirements  of  an 
increasing  number  of  lay  readers  taking  an  intelligent  interest  in  the 
important  subject  of  the  work  ana  mechanism  of  the  human  body.  This 
work  is  adapted  to  meet  the  requirements  of  the  Board  of  Education, 
the  Oxford  and  Cambridge  Locals  (Senior),  the  College  of  Preceptors, 
Candidates  for  Matriculation,  and  the  several  examinations  in  Physiology 
held  for  students  in  Hygiene,  Physical  Culture,  Cookery,  for  nurses  in 
Probation,  and  students  preparing  for  examinations  in  Law,  Insurance 
and  Accountancy,  where  Physiology  is  now  demanded.  The  expository  styk 
and  practical  methods  followed  throughout  the  work  will  be  found  well 
suited  to  private  study  as  well  as  for  class  courses. 


Engineering  Workshop  Practice.  By  Charles  C.  Allen,  Head 
of  the  Department  of  Engineering,  Technical  Institute,  Auckland. 
With  152  Illustrations.  Crown  8vo,  3s.  6d.  [Textbooks  of  Technology. 

This  deals  with  the  manufacturing  operations  employed  in  modern  work- 
shops, and  is  intended  chiefly  for  students  who  have  opportunities  of  both 
examining  and  using  the  machines  and  tools  required. 

An  Introduction  to  the  Study  of  Textile  Design.  By  Aldred 
F.  Barker,  Head  of  the  Textile  Department,  Bradford  Technical 
College.  Demy  8vo,  7s.  6d.  [ Textbooks  of  Technology. 

This  work  includes  within  its  pages  the  information  which  the  student  of 
Textile  Design  should  seek  to  thoroughly  master  during  the  first  two  years 
he  attends  the  Textile  School. 

Electric  Light  and  Power.  By  E.  E.  Brooks,  B.Sc.(Lond.),  Head 
of  the  Department  of  Physics  and  Electrical  Engineering,  Leicester 
Municipal  Technical  School,  and  W.  H.  N.  James,  A.R.C.S., 
A.M.I.E.E.,  Lecturer  in  Electrical  Engineering,  Municipal  School 
of  Technology,  Manchester.  With  17  plates  and  230  Illustrations. 
Second  Edition.  Crown  8vo,  4s.  6d.  [ Textbooks  of  Technology. 

This  work  is  an  introduction  to  the  study  of  Electrical  Engineering,  no 
previous  knowledge  being  assumed,  and  very  little  mathematics  being  re- 
quired. It  is  intended  mainly  for  students  employed  in  electrical 
industries. 


Physiology 


[ Textbooks  of  Science. 
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Builders’  Quantities.  By  H.  C.  Grubb,  Lecturer  at  Beckenham 
Technical  Institute.  Crown  8vo,  4s.  6d.  [ Textbooks  of  Technology . 

This  treatise  has  been  compiled  to  assist  students  who  are  preparing  for 
the  examination  in  Builders’  Quantities,  held  by  the  City  and  Guilds  of 
London  Institute;  while  those  studying  for  other  examinations,  such  as 
Honours  Building  Construction,  held  by  the  Board  of  Education,  etc.,  will 
find  it  covers  that  portion  of  the  syllabus  relating  to  Quantities 

A Woodwork  Class-Book.  Beginner’s  Course.  By  H.  Hey,  Inspector 
of  Day  Manual  and  of  Technological  Classes,  Surrey  Education 
Committee,  and  G.  H.  Rose,  Headmaster,  Coulsden  Council  School, 
City  and  Guilds  Woodwork  Teacher.  With  full  Diagrams  and  Photo- 
graphs. 4to,  2S. 

This  class-book  is  the  first  of  a series  of  three,  in  which  the  work  is 
arranged  on  a threefold  plan  of  Correlated  Lessons  in  Drawing,  Tools  and 
Materials,  and  School  Workshop  Practice.  The  schemes  have  been  approved 
by  the  Board  of  Education. 

R6pouss6  Metal  Work.  By  A.  C.  Horth.  Crown  8vo,  2s.  6d. 

[ Textbooks  of  Technology. 

This  book  provides  students  with  a graded  scheme  of  Sheet  Metal  Work 
for  Schools,  containing  all  the  information  necessary  to  those  wishing  to 
become  expert. 

A Textbook  dealing  with  Ornamental  Design  for  Woven 
Fabrics.  By  C.  Stephenson,  of  the  Bradford  Technical  College, 
and  F.  Suddards,  of  the  Yorkshire  College,  Leeds.  With  66 
Full-page  Plates  and  numerous  Diagrams  in  the  Text.  Third  Edition. 
Demy  8vo,  7s.  6d. 

The  subject-matter  is  arranged  as  far  as  possible  in  progressive  order, 
and  always  with  due  regard  to  the  practical  application  of  ornament  to  the 
weaving  process.  Several  chapters  are  devoted  to  the  various  methods  of 
building  up  all-over  repeating  patterns. 

Manual  Training  Drawing  (Woodwork).  By  F.  Sturch,  Staff 
Instructor  to  the  Surrey  County  Council.  Its  Principles  and  Ap- 
plication, with  Solutions  to  Examination  Questions,  1892-1905,  Ortho- 
graphic, Isometric,  and  Oblique  Projection.  With  50  Plates  and  140 
Figures.  Fcap.,  5s,  net. 

A guide  to  the  Examinations  in  Manual  Training  Woodwork  of  the  City 
and  Guilds  of  London  Institute,  the  Board  of  Examinations  for  Educational 
Handwork,  and  the  Examinations  of  the  N.U.T.,  and  for  use  in  Secondary 
Schools  and  Training  Colleges.  It  deals  with  the  requirements  in  Geo- 
metrical and  Mechanical  Drawing  of  the  Educational  Department,  University 
of  London,  London  Chamber  of  Commerce,  etc. 

Carpentry  and  Joinery.  By  F.  C.  Webber,  Chief  Lecturer  to  the 
Building  Trades  Department  of  the  Merchant  Venturers’  Technical 
College  at  Bristol.  Fifth  Edition.  Crown  8vo,  3s.  6d. 

[ Textbooks  of  Technology. 

An  elementary  textbook  suitable  for  the  Preliminary  Grade  of  the  City 
and  Guilds  of  London  Institute  and  as  a book  of  reference  for  the 
apprentice. 
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Messrs.  Methuen’s  Series 

Particulars  of  the  Books  will  be  found  in  the  First  Sectiofi  of  this  Catalogue , 
under  the  Subjects 

The  Beginner’s  Books 


Edited  by  W.  WILLIAMSON,  B.A.,  F.R.S.L. 

A series  of  elementary  class  books  for  beginners  of  seven  to  twelve  j^ears,  or  there- 
abouts. They  are  adapted  to  the  needs  of  preparatory  schools,  and  are  suitable  for 
the  use  of  candidates  preparing  for  the  Oxford  and  Cambridge  Preliminary  Local  and 
the  College  of  Preceptors  Examinations.  The  series  will  be  especially  useful  to  lead 
up  to  Methuen’s  Junior  School  Books.  The  author  of  each  book  has  had  _ consider- 
able experience  in  teaching  the  subject,  while  special  attention  has  been  paid  to  the 
arrangement  of  the  type  and  matter,  which  is  as  clear  and  concise  as  possible.  The 
books  are  beautifully  printed  and  strongly  bound,  and  are  issued  at  one  shilling  each. 


Easy  French  Rhymes.  H. 

Blouet.  is. 

Easy  Stories  from  English  His- 
tory. E.  M.  Wilmot-Buxton.  is. 
Stories  -from  Reman  History. 

E.  M.  Wilmot-Buxton.  is.  6d. 
Stories  from  the  Old  Testa- 
ment. E.  M.  Wilmot-Buxton. 
is.  6d. 

Stories  from  the  New  Testa- 
ment. E.  M.  Wilmot-Buxton.  is.6d. 


A First  Course  in  English.  W. 

S.  Beard,  is.  6d. 

A First  History  of  Greece.  E.  E. 

Firth,  is.  6d. 

Easy  Exercises  in  Arithmetic. 

W.  S.  Beard.  Without  Answers,  is. ; 
With  Answers,  is.  3d. 

Easy  Dictation  and  Spelling. 

W.  Williamson,  is. 

An  Easy  Poetry  Book.  W. 

Williamson,  is. 


Classical  Translations 


Edited  by  H.  F.  FOX,  M.A.,  Fellow  and  Tutor  of  Brasenose  College,  Oxford. 

Crown  8vo 

A series  of  Translations  from  the  Greek  and  Latin  Classics,  distinguished  by  literary 
excellence  as  well  as  by  scholarly  accuracy. 


/Eschylus  — Agamemnon,  Choe- 
phoroe,  Eumenides.  Translated  by  L. 
Campbell.  5s. 

Cicero  — De  Oratore  I.  Trans- 
lated by  E.  N.  P.  Moor.  3s.  6d. 

Cicero  — Select  Orations  (Pro 
Milone,  Pro  Mureno,  Phillipic  ii.,  In 
Catilinam).  Translated  by  H.  E.  D. 
Blakiston.  5s. 

Cicero  — De  Natura  Deorum. 
Translated  by  F.  Brooks.  3s.  6d. 

Cicero  — De  Officiis.  Translated 
by  G.  B.  Gardiner.  2s.  6d. 


Horace  — The  Odes  and  Epodes. 

Translated  by  A.  D.  Godley.  2s. 
Lucian  — Six  Dialogues  (Nig- 
rinus,  Icaro-Menippus,  The  Cock,  The 
Ship,  The  Parasite,  The  Lover  of 
Falsehood).  Translated  by  S.  T.  Irwin. 
3s.  6d. 

Sophocles  — Ajax  and  Electra. 

Translated  by  E.  D.  Morshead.  2s.  6d. 
Tacitus  — Agricola  and  Ger- 
mania. Translated  by  R.  B.  Townshend. 

2S.  6d. 

Thirteen  Satires  of  Juvenal. 

Translated  by  S.  G.  Owen.  2s.  6d. 


Commercial  Series 


Edited  by  H.  de  B.  GIBBINS,  Litt.D.,  M.A. 
Crown  8vo 


A series  intended  to  assist  students  and  young  men  preparing  for  a commercial 
career,  by  supplying  useful  handbooks  of  a clear  and  practical  character,  dealing  with 
those  subjects  which  are  absolutely  essential  in  the  business  life. 


The  Principles  of  Book-keeping 
by  Double  Entry.  J.  E.  B. 

M ‘Allen.  2s. 

A French  Commercial  Reader. 

S.  E.  Bally,  as. 


French  Commercial  Correspon- 
dence. S.  E.  Bally.  2s. 

German  Commercial  Corre- 
spondence. S.  E.  Bally,  as.  6d. 
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Commercial  Series  -—continued 


A German  Commercial  Reader. 

S.  E.  Bally.  2s. 

A Commercial  Geography  of 
Foreign  Watiorss.  F.  C.  Boon.  2s. 
Commercial  Law.  W.  D. 

Edwards.  2s. 

British  Commerce  and  Colonies 
from  Elisabeth  to  Victoria. 

H.  DE  B.  GlBBINS.  2S. 

The  Economics  of  Commerce. 

H.  de  B.  Gibbins.  is.  6d. 

Commercial  Examination 

Papers.  H.  de  B.  Gibbins.  is.  6d. 


A Primer  of  Business.  S.  Jack- 
son.  New  and  Revised  Edition,  is.  6d. 
An  Entrance  Guide  to  Profes- 
sions and  Business.  H.  Jones, 
is.  6d. 

A Commercial  Geography  of 
the  British  Empire.  L.  W. 

LyDE.  2S. 

A Short  Commercial  Arithmetic. 

F.  G.  Taylor,  is.  6d. 

Precis  Writing  and  Office  Cor- 
respondence. E.  E.  Whitfield. 

2S. 


Junior  Examination  Series 

Edited  by  A.  M.  M.  STEDMAN,  M.A. 
Fcap.  8vo,  is. 


This  series  is  intended  to  lead  up  to  the  School  Examination  Series,  and  is  intended  for  the 
use  of  teachers  and  pupils  in  Lower  and  Middle,  to  supply  material  for  the  former  and 
practice  for  the  latter.  The  papers  are  carefully  graduated,  cover  the  whole  of  the  subject 
usually  taught,  and  are  intended  to  form  part  of  the  ordinary  class  work.  They  may  be 


used  viva,  voce  or  as  a written  examination. 

Junior  French  Examination 

Papers,  F.  Jacob. 

Junior  English  Examination 
Papers.  W.  Williamson. 

Junior  Arithmetic  Examination 

Papers.  W.  S.  Beard. 

Junior  Algebra  Examination 
Papers.  S.  W.  Finn. 

Junior  Greek  Examination 

Papers.  T.  C.  Weatherhead. 


Junior  Latin  Examination 
Papers.  C.  G.  Botting. 

Jk  Key  to  the  above.  3s.  6d.  net. 

Junior  General  Information 
Examination  Papers.  W.  S. 

Beard. 

A Key  to  the  above.  3s.  6d.  net. 

Junior  Geography  Examina- 
tion Papers.  W.  G.  Baker. 
Junior  German  Examination 
Papers.  A.  Voegelin. 

Junior  History  Examination 
Papers.  W.  0.  P.  Davies. 


Junior  School  Books 

Edited  by  0.  D.  INSKIP,  LL.D.,  and  W.  WILLIAMSON,  B.A. 

A series  of  school  class  books.  They  are  adapted  to  the  needs  of  the  Lower  and  Middle 
Forms  of  the  Public  Schools,  and  are  suitable  for  the  use  of  candidates  preparing  for  the 
Oxford  and  Cambridge  Junior  Local  Examinations. 


A Class-Book  of  Dictation 
Passages.  W.  Williamson,  is.  6d. 
The  First  Book  of  Kings.  A.  E. 

Rubie.  2S. 

The  Gospel  according  to  St. 

Matthew.  Edited  by  E.  W.  South, 
is.  6d. 

The  Gospel  according  to  St. 

Mark.  Edited  by  A.  E.  Rubie.  is.  6d. 

The  Gospei  according  to  St. 

Luke.  Edited  by  W.  Williamson.  2s. 
The  Acts  of  the  Apostles.  Edited 
by  A.  E.  Rubie.  2s. 

A Junior  English  Grammar. 

W.  Williamson.  2s. 


Elementary  Experimental 
Science.  Physics  by  W.  T. 
Clough;  Chemistry  by  A.  E. 
Dunstan.  2s.  6d. 

Elementary  Experimental 
Chemistry.  A.  E.  Dunstan.  2s. 

A Junior  Chemistry.  E.  A. 

Tyler.  2s.  6d. 

A Junior  French  Grammar. 

L.  A.  Sornet  and  M.  J.  Acatos.  2s. 

A Junior  French  Prose.  R. 

R.  N.  Baron.  2s. 

A Junior  Geometry.  N.  S. 

Lydon.  2S. 
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Junior  School  Books — continued 

A Junior  Greek  History.  W.  H. 

Spragge.  2s.  6d. 

A Junior  Latin  Prose.  H.  N. 

Asman.  2S.  6d. 


A School  Latin  Grammar.  H.  G, 

Ford.  2s.  6d. 

English  Literature  -for  Schools. 

E.  E.  Firth.  2s.  6d. 


Six  Ages  of  European  History 

From  A.D.  476  to  1878 

Edited  by  A.  H.  JOHNSON,  M.  A.,  Fellow  of  All  Souls’  College,  Oxford. 
With  Maps.  Crown  8vo,  2s.  6d. 


The  Dawn  of  Mediaeval  Europe, 
476-918.  J.  H.  B.  Masterman. 
The  Central  Period  of  the 
Middle  Age,  918-1273.  Beatrice 
A.  Lees. 

The  End  of  the  Middle  Age, 

1273-1453.  Eleanor  C.  Lodge. 


Europe  in  Renaissance  and 
Reformation,  1453-1659.  Mary 
A.  Hollings. 

The  Age  of  the  Enlightened 
Despot,  1660-1789.  A.  H.  Johnson. 
The  Remaking  of  Modern 
Europe,  1789-1878.  J.  A.  R. 

Marriott. 


Methuen’s  New  Geographical  Series 

A Systematic  Geography  of  the  World.  By  G.  W.  Webb,  B.A. 
Owen’s  School,  Islington.  In  Five  Vols.  With  Maps.  Cr.  8vo,  is.  each. 
This  new  series  of  Geographies,  which  will  be  completed  in  Five  Volumes,  provides  for 
a study  of  the  geography  of  the  world  on  modern  lines,  as  recommended  by  the  Board  of 
Education.  Attention  is  directed  to  the  connection  between  the  configuration  of  the  land, 
the  climate,  and  the  economic  and  political  conditions,  and  there  is  a consideration  of  the 
geology  of  the  various  regions.  . The  matter  has  been  systematically  arranged,  and  the  books 
will  be  found  suitable  for  examination  purposes,  and  also  of  interest  to  the  general  reader. 

Vol.  I.  The  British  Isles.  Vol.  II.  Europe  (excluding  the  British  Isles). 
Vol.  III.  Asia..  Vol.  IV.  America.  Vol.  V.  Africa,  Australasia,  and 
Polynesia. 

Methuen’s  New  Historical  Series 

Edited  by  the  Rev.  H.  N.  Asman,  M.A.,  B.D. 

These  are  the  first  volumes  of  a new  historical  series  for  Schools  under  the  General 
Editorship  of  the  Rev.  H.  N.  Asman,  M.A.,  B.D.,  Second  Master  of  Owen’s  School, 
Islington.  The  series  is  on  the  lines  of  the  recent  Circular  of  the  Board  of  Education  on  the 
teaching  of  history. 

Stories  from  Ancient  History.  By  E.  Bowyer,  B.A.,  B.Sc.,  Assistant 
Master  Owen’s  School.  Crown  8vo,  is.  6d.  (see  p.  17). 

Stories  from  Modern  History.  By  E.  M.  Wilmot-Buxton,  F.R.Hist.S. 

Crown  8vo,  is.  6d.  (see  p.  22). 

Stories  from  Old  Romance 


Edited  by  E.  M.  Wilmot-Buxton,  F.R.Hist.Soc. 

Crown  8vo,  is.  6d.  each 

Messrs.  Methuen  beg  to  announce  the  issue  of  the  above  new  series,  which  will  include 
volumes  of  stories  taken  from  the  romantic  epics  of  the  chief  countries  possessing  suitable 
literatures. 

These  volumes  will  serve  as  an  introduction  to  world  literature  as  well  as  form  literary 
readers  that  will  appeal  to  children  between  the  ages  of  eight  and  twelve  in  all  classes  or 
schools.  They  will  also  be  found  suitable  gift-books  for  all  young  lovers  of  stirring 
romance  and  tales  of  chivalry. 


Stories  from  Old  French  Ro- 
mance. E.  M.  Wilmot-Buxton. 
Stories  from  the  Great  Writers. 

E.  M.  Wilmot-Buxton. 

Stories  from  Bunyan.  E.  L. 

Elias. 


Stories  from  Dickens.  Joyce 
Cobb. 

Stories  from  Italian  Romance. 

Susan  Cunington. 
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Stories  from  the  Histories 

Edited  by  E.  M.  Wilmot-Buxton,  F.R.Hist.Soc. 

With  i Map.  Crown  8vo,  is.  6d.  each 

This  series  will  embrace  the  history  of  all  the  chief  countries  of  the  world.  It  is  hoped 
that  by  supplying  a series  of  interesting  stories  these  volumes  will  promote  a desire  for  a 
more  detailed  knowledge  and  remove  the  general  complaint  that  English  children  grow  up 
ignorant  of  the  great  events  and  characters  in  the  history  of  other  nations. 

Tales  from  Irish  History,  i Stories  from  French  History. 

A.  Birkhead,  B.A.  I Taylor  Dyson,  M.A. 

School  Examination  Series 


Edited  by  A.  M.  M.  STEDMAN,  M.A. 

Crown  8vo,  2s.  6d. 

These  books  are  intended  for  the  use  of  teachers  and  students— to  supply  material  for 
the  former,  and  practice  for  the  latter.  The  papers  are  carefully  graduated,  cover  the 
whole  of  the  subject  usually  taught,  and  are  intended  to  form  part  of  the  ordinar  y class  work 


French  Examination  Papers. 

A.  M.  M.  Stedman. 

Key.  6s.  net. 

Latin  Examination  Papers. 

A.  M.  M.  Stedman. 

Key.  6s.  net. 

Greek  Examination  Papers. 

A.  M.  M.  Stedman. 

Key.  6s.  net. 

German  Examination  Papers. 

R.  J.  Morich. 

Key.  6s.  net. 


History  and  Geography  Exam- 
ination Papers.  C.  H.  Spence. 

Physics  Examination  Papers. 

R.  E.  Steel. 

General  Knowledge  Examina- 
tion Papers.  A.  M.  M.  Stedman. 
Key.  7s.  net. 

Examination  Papers  in  English 

History.  J.  Tait  Plowden-Ward- 
law. 


School  County  Histories 


Illustrated.  Crown  8vo,  is.  6d. 

This  series  is  designed  to  enforce  the  idea,  so  all-important  in  young  people’s  education, 
that  history  begins  at  home.  The  volumes  are  meant  to  bring  history  into  connection  with 
scenes  which  their  readers  know,  to  illustrate  manners  by  local  examples,  and  to  teach  that 
every  place  has  its  interest  and  its  story.  Maps  and  illustrations  are  freely  added,  and  each 
county  volume  is  written  by  an  author  who  has  made  a special  study  of  the  county  he  treats. 


A School  History  of  Warwick- 
shire. B.  C.  A.  Windle. 

A School  History  of  Somerset. 

W.  Raymond. 

A School  History  of  Surrey. 
H.  E.  Malden. 


A School  History  of  Middlesex, 

V.  Plarr  and  F.  W.  Walton. 

A School  History  of  Lancashire. 

W.  E.  Rhodes. 


Simplified  German  Texts 

Edited  by  T.  R.  N.  CROFTS,  M.A. 

Fcap.  8 vo,  is.  each 

This  series  is  uniform  with  Methuen’s  Simplified  French  Texts. 


Der  Muller  am  Rhein.  Founded 

on  Brentano’s  Marchen. 

Undine  und  Huldbrand.  La 

Mottb  Fouqu£. 


Die  Geschichte  von  Petes 

Schlemihl.  A.  V.  Chamisso. 

Die  IMothelfer.  W.  H.  Riehl. 


Simplified  French  Texts 

Edited  by  T.  R.  N.  CROFTS,  M.A. 

Fcap.  8vo,  is.  each 

A series  of  French  stories  retold  in  easy  French  for  young  pupils  who  have  been  studying 
the  language  about  two  or  three  years.  Vocabularies  have  been  added  in  which  the  idioms 
are  explained. 


L’Histoire 

Dumas. 

Abdallah. 


d’une  Tulipe.  A. 
Edouard  Laboulaye. 


La  Chanson  de  Roland.  Roland. 
ftlgmoiresdeCadichon.  Madame 
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Simplified  French  Texts- — continued 


Le  Docteur  Mat  he  us.  Erck- 
mann-Chatrian. 

L’iquipage  de  la.  Belle  Niver- 
naise.  Alphonse  Daudet. 

La  Bouiliie  au  Miel.  A.  Dumas. 
Deux  Contes.  P.  M£rrim£e. 

Jean  Valjean.  Victor  Hugo. 

L’Histoire  de  Pierre  et  Camille. 

A.  de  Musset. 


Le  Conscr-it  de  1813.  Erckmann- 

Chatrian. 

La  Bataiiie  de  Waterloo. 

Erckmann-Chatrian. 

Remy,  Le  Chevrier.  E.  Sou- 

VESTRE. 

Edmond  Dantes.  A.  Dumas. 
D’Ajaccio  h Saint  Helene.  A. 

Dumas. 

M,  de  Beaufort  h Vincennes. 

A.  Dumas. 


Textbooks  of  Science 


Fully  Illustrated.  Crown  8vo 

A series  of  textbooks  for  Secondary  Schools  and  Schools  of  Science 


Practical  Mechanics.  S.  H. 

Wells.  3s.  6d. 

The  Complete  School  Chemistry. 

F.  M.  Oldham.  4s.  6d. 

Examples  in  Elementary 
Mechanics.  W.  J.  Dobbs.  5s. 
Practical  Chemistry.  Part  I. 
W.  French,  is.  6d. 

Practical  Chemistry.  Part  II.  W. 

French  and  T.  H.  Boardman.  is.  6d. 

Elementary  Science  for  Pupil 
Teachers.  W.  T.  Clough  and  A. 
E.  Dunstan.  2s. 

Outlines  of  Physical  Chemistry. 

G.  Senter.  3s.  6d. 

An  Organic  Chemistry  for 
Schools  and  Technical  In- 
stitutes. A.  E.  Dunstan.  2s.  6d. 

A Preliminary  Physiology.  W. 

Narramore.  3s.  6d. 


Examples  in  Physics.  C.  E. 

Jackson.  2s.  6d. 

First  Year  Physics.  C.  E.  Jack- 

son.  is.  6d. 

Technical  Arithmetic  and 
Geometry.  C.  T.  Millis.  3s.  6d. 
Plant  Life.  H.  F.  Jones.  3s.  6d. 

A Practical  Chemistry  for 
Schools  and  Technical  In- 
stitutes. A.  E.  Dunstan.  3s.  6d. 
Practical  Physics:  A Laboratory 
Course  for  Advanced  Students.  S.  S. 
Richardson.  4s.  6d. 

Elementary  Experimental  Elec- 
tricity and  Magnetism.  W, 
T.  Clough.  2s.  6d. 

A Short  Systematic  History  of 
Chemistry.  T.  P.  Hilditch.  2s.  6d. 


Textbooks  of  Technology 


Fully  Illustrated.  Crown  8vo 


How  to  Make  a Dress.  J.  A.  E. 

Wood.  is.  6d. 

Carpentry  and  Joinery.  F.  C. 

Webber.  3s.  6d. 

Millinery,  Theoretical  and 
Practical.  C.  Hill.  2s. 
Instruction  in  Cookery.  A.  P. 

Thompson.  2s.  6d. 

An  Introduction  to  the  Study 
of  Textile  Design.  A.  F.  Barker. 
Demy  8vo,  7s.  6d. 


Builders’  Quantities.  H.  C. 

Grubb.  4s.  6d. 

Repouss4  Metal  Work.  A.  C. 

Horth.  2s.  6d. 

Electric  Light  and  Power. 

E.  E.  Brooks  and  W.  H.  N.  James. 
4s.  6d. 

Engines  ring  Workshop  Practice. 

C.  C.  Allen.  3s.  6d. 


GIFT  BOOKS 


AND  PRIZES 


General  Literature 


Stories  from  Old  Romance.  Edited  by  E.  M.  Wilmot-Buxton. 

Crown  8vo,  is.  6d.  each.  (See  p.  38.) 

Stories  from  tlie  Histories.  Edited  by  E.  M.  Wilmot-Buxton. 

Crown  8vo,  is.  6d.  each.  (See  p.  39.) 

Stories  from  the  Great  Writers.  Edited  by  E.  M.  Wilmot-Buxton. 
(See  p.  38.) 

The  Story  of  Milton’s  “Paradise  Lost.”  Narrated  for  the  most 
part  in  the  words  of  the  Poet.  By  George  Carter,  M.A.,  Head- 
master of  New  College  School,  Oxford.  Crown  8vo,  is.  6d.  (See  p.  6.) 
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Christmas  at  the  Zoo.  By  William  Boyle.  Described  in  Verse. 
With  24  Coloured  Pictures  by  H.  B.  Nkilson.  Super-royal  i6mo,  2s. 

A new  nursery  rhyme,  which  tells  what  happened  at  the  Zoo  when  Father 
Christmas  called  to  give  the  animals  a holiday,  and  they  played  at  being  men. 

Tommy  Smith’s  Animals.  By  Edmund  Selous.  With  8 Illustrations 
by  G.  W.  Ord.  Eleventh  Ed.  Fcap.  8vo,  2s.  6d.  School  Edition,  is.  6d. 

Tommy  Smith’s  Other  Animals.  By  Edmund  Selous.  With  12 
Illustrations  by  Augusta  Guest.  Fifth  Edition.  Fcap.  8vo, 
2s.  6d.  School  Edition,  is.  6d. 

These  charming  books,  besides  inculcating  kindness  to  animals,  convey 
much  natural  history  information.  The  animals  dealt  with  are — frog,  toad, 
rook,  rat,  hare,  grass-snake,  adder,  peewit,  mole,  woodpigeon,  squirrel, 
barn-owl,  weasel,  blackbird,  thrush,  hedgehog,  dabchick,  moorhen,  wood- 
pecker, fox,  cuckoo,  watervole,  rabbit. 

Little  Mitchell.  The  Story  of  a Mountain  Squirrel  told  by  Himself.  By 
Margaret  W.  Morley.  With  26  Illustrations.  Sq.  cr.  8vo,  2s.  6d, 

This  book  is  a bright  story  of  an  American  Mountain  Squirrel,  showing 
how  a lady  found  him  as  a baby  and  brought  him  up  on  her  farm.  His 
exciting  adventures,  long  journeys,  the  friends  he  found,  and  the  happy  time 
he  had  in  Boston,  make  a most  interesting  story,  while  many  natural  history 
facts  find  their  way  into  the  book,  and  these  are  without  exception  within  the 
comprehension  of  a child,  and  so  accurate  that  they  may  be  trusted  not  to 
contain  anything  that  the  facts  of  science  will  not  support. 

In  the  Great  Colonial  Bush.  By  Edith  L.  Elias.  Author  of  “The 
Wonderful  Voyages  of  Gulliver  Retold,”  etc.  With  many  Illustrations. 
Fcap.  8vo,  2s.  6d. 

This  volume,  which  has  been  written  with  the  aim  of  amusing  children, 
endeavours  also  to  convey  some  knowledge  of  bird  and  animal  life  in  the 
Colonies.  Australia,  South  Africa,  Canada,  and  New  Zealand  are  dealt 
with  in  turn,  the  connecting  link  being  a little  girl,  named  Lucy,  who  goes 
magically  from  one  country  to  the  other.  The  book  will  delight,  as  well  as 
instruct,  so  that  it  may  be  used  with  equal  fitness  as  a school  reader  or  a 
gift-book.  The  birds  and  animals  included  are  very  numerous,  and 
amongst  them  will  be  found  the  Platypus,  the  Koala,  the  Laughing  Jackass, 
the  Bower  Bird,  the  Kangaroo,  the  Water  Tortoise,  the  Zebra,  the  Ant-Eater, 
the  Gnu,  the  Reindeer,  the  Beaver,  the  Kiwi,  the  Penguin,  and  many  others. 

The  Bee  People.  By  Margaret  W.  Morley  (Founded  on).  With  74 
Illustrations.  Sq.  crown  8vo,  2s.  6d. 

A natural  history  book  for  children  on  a thorough  but  entertaining  plan. 
The  book  tells  in  simple,  easy  language  the  life-history  of  the  bee,  a general 
account  of  the  insect  being  followed  by  chapters  devoted  to  its  eyes,  tongue, 
honey-sack,  legs,  wings,  and  sting.  The  making  of  wax-comb  and  honey 
and  the  hatching  of  the  eggs  are  fully  described.  The  processes  described 
and  illustrated  are  such  as  may  be  seen  in  most  cases  by  children  themselves, 
and  the  orderly  arrangement  of  the  observations  will  tend  to  develop  that 
most  important  faculty,  “how  to  observe.” 

A.  Primer  of  Photography.  By  Captain  Owen  Wheeler,  F.R.P.S. 
With  many  Illustrations.  Crown  8vo,  2s.  6d.  net. 

There  are  in  existence  numerous  excellent  manuals  of  photography, 
many  sound  treatises  on  individual  processes,  and  one  or  two  admirable 
compendia  of  photography  in  all  its  branches.  The  object  of  this  primer 
is  to  provide  something  a little  different — an  introduction  to  the  theory  and 
practice  of  photography  which,  while  imparting  sufficient  practical  instruc- 
tion to  enable  a novice  to  walk  alone,  shall  indicate  in  clear  outline,  and 
inspire  interest  in,  the  more  advanced  branches  of  photographic  study. 
Only  the  technical  side  is  dealt  with,  and  this  by  the  light  of  over  thirty 
years’  all-round  experience.  Various  processes  of  negative-making,  printing, 
and  enlarging  are  closely  described,  and  up-to-date  information  is  added 
respecting  Telephotography,  Photography  in  Colours,  and  other  modern 
developments. 
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An  Introduction  to  the  History  of  Home.  By  II.  N.  Asman, 
M.A.,  B.D.  With  2 Maps  and  14  Illustrations.  Crown  8vo,  2s.  6d. 
(See  p.  17.) 

The  Blue  Bird.  A Fairy  Play  in  Five  Acts.  By  Maurice  Maeterlinck. 
Translated  by  Alexander  Teixeira  de  Mattos.  Thirteenth  Edition. 
Fcap.  8vo.  Deckle  edges,  3s.  6d.  net ; also  in  paper  covers,  is.  net. 

We  have  here  a fairy  extravaganza  and  allegory  in  five  acts,  in  which  a 
number  of  dumb  and  inanimate  creatures — the  dog,  the  cat,  the  goat,  the 
wolf,  the  trees,  fire,  water,  bread,  sugar,  milk — are  endowed  with  speech  and 
life.  There  are  scenes  of  amazing  beauty  of  dialogue  and  setting  ; and  there 
are  scenes  full  of  the  most  whimsical  and  delicate  humour. 

The  Young  Botanist.  By  W.  Percival  Westell,  F.L.S.,  M.B.O.U., 
and  C.  S.  Cooper,  F.R.H.S.  With  8 Coloured  and  63  Black  and 
White  Plates  drawn  from  Nature  by  C.  F.  New  all.  Crown  8vo, 

3s.  6d.  net. 

This  eminently  useful  and  practical  handbook,  in  an  original  and  concise 
manner,  sets  out  in  tabular  form  full  accounts  of  all  the  commoner  British 
wild  plants  ; their  English  and  Latin  names,  where  they  grow  and  when 
they  bloom,  their  form  and  structure,  salient  features,  medicinal  uses,  etc. 
etc.  The  plants  are  treated  under  their  natural  orders,  and  a concise 
description  is  given  of  the  characteristics  of  each  order.  There  is  a practical 
Introduction  containing  useful  hints  and  directions  as  well  as  a detailed 
Introduction  respecting  classification,  structure,  fertilisation. 

Insect  "Wonderland.  By  Constance  M.  Foot.  Author  of  “Science 
through  Stories,”  etc.  With  38  Illustrations  by  V.  Q.  Allan.  Crown 
8vo,  3s.  6d.  net. 

This  volume  describes  the  Insect  World  in  a form  both  interesting  and 
instructive  to  youthful  readers.  One  or  more  specimens  have  been  chosen 
from  each  of  the  seven  great  National  Orders,  according  to  the  Linnean 
system  of  division.  The  insects  tell  their  own  tales,  in  ten  chapters  entitled 
“Butterfly  Green,”  “Grasshopper  Lane,”  “Beehive  Palace,”  and  so  on, 
and  there  are  38  charming  Illustrations.  The  volume  will  prove  alike 
acceptable  as  a reader  for  the  kindergarten  or  as  a play-time  story  book. 

The  Young  Electrician.  By  Hammond  Hall,  Author  of  “ The  Young 
Engineer.”  With  many  Illustrations.  Crown  8vo,  5s. 

A book  which  appeals  to  every  boy  who  is  interested  in  the  fascinating 
science  of  electricity.  It  describes  in  simple  language  the  various  means 
by  which  electric  energy  is  produced  and  utilised.  It  tells  about  electrical 
machines,  batteries  and  coils,  electro  - plating,  telegraphs,  telephones, 
dynamos,  accumulators,  and  electric  motors.  It  gives  instructions  for 
making  and  using  working  models  of  these  instruments,  as  well  as  for 
performing  with  inexpensive  apparatus  a great  number  of  interesting  and 
instructive  experiments. 

The  Young  Carpenter.  By  Cyril  Hall.  With  many  Diagrams  and 
15  Photographic  Illustrations.  Crown  8vo,  5s. 

This  book  gives  minute  directions  for  properly  using  tools  and  for  making 
a number  of  small  articles  of  furniture.  It  also  enters  largely  upon  the 
evolution  of  modern  tools  from  rude  beginnings,  and  upon  the  natural  history 
of  the  material  with  which  the  carpenter  works,  the  result  being  a volume- 
written  in  simple  and  attractive  language— of  absorbing  interest  to  the  boy 
with  a bent  for  making  things.  The  operations  of  sawing  and  planing,  the 
setting-out  and  cutting  of  joints  in  everyday  use  are  so  carefully  described, 
that,  aided  by  the  photographs  illustrating  the  process,  every  boy  is  enabled 
to  become  his  own  carpenter. 

The  Young  Engineer;  or,  Modern  Engines  and  their  Models.  By 
Hammond  Hall.  With  85  Illustrations.  Second  Edition.  Crown 
Svo,  5s. 

A book  of  absorbing  interest  to  every  boy  who  has  a bent  towards 
mechanics.  It  describes  and  illustrates  full-sized  engines  of  all  sorts — from 
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the  express  locomotive  to  the  read  car,  from  the  turbines  of  the  latest 
Cunarder  to  the  diminutive  but  beautiful  mechanism  of  the  Whhehead 
torpedo— and  explains  how  to  make  models  of  various  types.  Accounts  and 
photographs  are  given  of  some  famous  model  engines  and  model  railways 
and  there  is  a chapter  on  the  tools  and  materials  required  by  the  model-maker’ 
Th®  Naturalist.  By  W.  Pkrcival  Westell,  F.L.S  ' 

M.B.O.U.  With  8 Coloured  Plates  hy  C.  F.  Newall,  and  a large 
number  of  specially  selected  Photographs  from  the  collections  of  well- 
known  animal  photographers.  Crown  8vo,  6s. 

In  this  interesting,  useful,  and  well-informed  work,  the  author  ha* 
prepared  a remarkable  volume,  which  will  be  found  bright,  popular,  and 
serviceable.  He  deals  with  all  the  commoner  forms  of  British  animal 
life,  namely,  mammals,  birds,  reptiles,  and  amphibians,  fresh-water  fishes 
crabs  and  scorpion  groups,  insects,  shellfish,  sea-urchins,  starfishes,  jelly 
fishes,  etc.  The  exhaustive  introduction  to  the  volume  is  in  itself  an  elaborate 
synopsis  of  animal  life  written  on  absolutely  original  lines. 

My  Pets.  By  Alexandre  Dumas.  Newly  translated  by  A R 
Allinson,  M.A.  With  16  Illustrations  by  V.  Lrcomte.  Crown  8vo  6s* 
t->  “F.e  we  have  Dumas  in  a new  role— at  least  one  unfamiliar  to  most 
English  readers.  Dramatist,  novelist,  traveller,  the  “Great  Alexandre  ” was 
also  a lover  of  animals  and  a sportsman.  “My  Pets"  (Mes  Bdtesl  is 
crammed  with  good  stories, -of  the  strange  household  at  “Monte  Cristo  " 
(on  the  Marly  road),  which  included  five  dogs,  three  monkeys,  two  parrots 
a cat,  a golden  pheasant,  and  a vulture,—  of  Vat rin  the  keeper  and  his  cutty- 
piP?--of  th£  ™onk ey  and  the  soda-water  bottle,— of  Diogenes  the  vulture 
and  Mysouff  the  cat,— of  the  immortal,  the  irrepressible;  the  never-to-be- 
forgotten  Pritchard,  the  Scotch  pointer,  and  all  the  time  of  the  great 
garrulous  Dumas  himself  But  it  is  obviously  impossible  in  a para4aph 
togwe  a notion  of  the  wealth  of  humour  and  humanity  in  a book  like*  this. 
The  book  is  charmingly  illustrated. 

Man  and  NaW  on  Tidal  Waters.  By  A.  H.  Patterson,  Author 
of  Notes  of  an  East  Coast  Naturalist.”  With  Illustrations  by  the 
Author.  Crown  8vo,  6s.  3 

This  new  volume  deals  concisely  with  many  phases  of  the  Wild  Life  of  that 
interesting  corner  of  East  Anglia  which  is  the  author’s  homeland  while 
0^^  extraordlnary  yarn*  of  fishermen,  punt-gunners,  and’ others 
....  , . “ Humble  race  of  men, 

Alike  amphibious,  by  kind  Nature’s  hand 
Form’d  to  exist  on  water  and  on  land," 

and  toil  W-  JSS^-STF  “d  °bsoiete.  guns  and  gunners,  Nature 
and  folk-lore,  are  all  lucidly  described,  and  are  illustrated  by  the  author’s 
own  pen-and-ink  sketches.  3 or  & 

Jack’s  Insects  By  Edmund  Selous,  Author  of  “Tommy  Smith’s 
Animals,  Tommy  Smiths  Other  Animals,”  etc.  With  44  Illustra- 
tions by  J.  A.  Shepherd.  Crown  8vo,  6s. 

” “teresdiw  it  YuULd  hK  said  a little  £irl  to  her  brother,  who  had 
toM  her  sne  would  like  the  book  he  was  reading  when  once  she  had  got  into 
U,  “if  one  could  get  into  books.  I don’t  mein  in  the  way  one  saf s ” she 
explained  “ but  if  one  could  really  get  inside  them,  and  talk  to  thfp’eople 
one  met  there-histoncal  people,  for  instance-and  find  out  if  it  was  ah 
true  about  them,  and——  She  yawned  so  that  she  couldn’t  go  on  for  it 
was  past  bed-time  and  both  the  children  were  beginning  to  fall  asleep,  when 
aU  at  once,  they  found  themselves  inside  the  book  on  the  table  in  front  of 
them,  which  woke  them  up  completely.  Only  as  it  was  a hnnl/ If 
entomology,  and  not  history,  of  course  the  people  in  it  were  insects  and 
vt  was  about  insects  the  children  learnt.  ’ &nQ 

Science  from  an  Easy  Chair.  By  Sir  Ray  Lankester,  K.C.B 
F-R-S-  With  many  Illustrations,  of  which  two  are  in  Colour.  Fifth 
Edition.  Crown  8vo,  6s. 

This  is  a pot-pourri  of  chapters  addressed  to  the  general  reader,  op  a 
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large  variety  of  subjects  belonging  to  the  domain  of  natural  history,  astronomy, 
prehistoric  archaeology,  the  investigation  of  disease,  and  the  story  of  extinct 
animals.  Each  chapter  is  complete  in  itself,  and  many  are  illustrated. 
Amongst  the  subjects  treated  are  the  migrations  of  the  eel,  the  story  of  the 
American  poison  vine,  the  true  pose  of  the  galloping  horse,  comets,  the 
spectroscope  and  the  heavenly  bodies,  the  history  of  dragons  mythical  and 
real,  the  simplest  living  things,  the  nature  of  cholera,  grouse-disease,  tadpoles, 
jumping  beans,  clothes'  moths,  the  death-watch,  and  the  hop-fly.  The  book 
is  intended  to  while  away  an  hour  from  time  to  time,  and  should  attract 
those  who,  though  desirous  of  knowing  more  about  the  results  of  scientific 
investigation,  and  valuing  correct  and  authoritative  information,  yet  require 
such  information  to  be  placed  before  them  in  a readable  and  agreeable  form. 

A Book  of  the  Zoo.  By  Eric  Parker.  With  24  Illustrations  from 
Photographs  by  Henry  Irving.  Crown  8vo,  6s. 

The  author  has  tried  in  this  book  to  make  a round  of  the  Zoological 
Gardens,  and  to  show  the  animals  to  a visitor  as  they  appear  to  one  who  has 
spent  many  hours  watching  their  individual  characters  and  habits  in  captivity. 
A special  study  is  made  of  the  behaviour  of  the  animals  by  night  and  at 
dawn,  the  author  having  been  allowed  to  visit  the  gardens  by  night  for  this 
purpose.  Throughout  the  book  the  impression  is  of  humour  and  humanity 
rather  than  of  scientific  detail ; there  are  chapters  on  Children  at  the  Zoo, 
Bank  Holiday,  and  so  on,  and  the  book  is  illustrated  with  24  really  beautiful 
studies  of  animals  from  photographs  by  Mr.  Henry  Irving. 

Two  Legs,  and  Other  Stories.  By  Carl  Ewald.  Translated  from 
the  Danish  by  Alexander  Teixeira  de  Mattos.  Illustrated  by 
Augusta  Guest.  Large  crown  8vo,  6s. 

This  is  the  first  of  a series  of  volumes  of  fairy  tales  by  Carl  Ewald,  an 
exquisite  Danish  writer,  who  has  already  been  hailed  in  America  and  on  the 
Continent  as  the  legitimate  successor  of  Hans  Christian  Andersen.  The 
book  consists  of  a dozen  stories. 

The  Lore  of  the  Honey-Bee.  By  Tickner  Edwardes.  With  24 
Illustrations.  Third  Edition.  Crown  8vo,  6s. 

Succinctly  this  book  is  a history  of  bees  and  their  masters  from  the  very 
earliest  times  down  to  the  present.  The  wonderful  communal  life  within 
the  hive  is  touched  on  in  all  its  varying  aspects  ; and  the  reader  is  introduced 
to  a class  of  men  from  all  ages  as  quaintly  original,  as  their  calling  is 
inimitably  picturesque.  The  book  covers  the  whole  field  of  ascertained 
facts  in  the  natural  history  of  the  honey-bee,  as  well  as  the  romance  of  bee- 
manship  past  and  present ; and  nothing  better  could  be  put  in  the  hands  of 
the  beginner  in  apiculture,  no  less  than  in  those  of  the  advanced  student  of 
what  is  probably  the  oldest  human  occupation  under  the  sun. 

Goops,  and  How  to  be  Them.  By  Gelett  Burgess.  A Manual  of 
Manners  for  Polite  Infants,  inculcating  many  Juvenile  Virtues  both  by 
Precept  and  Example.  With  90  Drawings.  Small  4to,  6s. 

A set  of  easily  learnt,  catchy  nursery  rhymes  for  children,  that  will 
impress  on  them  some  of  the  primary  rules  of  good  manners — such  precepts 
as  are  continually  enforced  in  the  nursery.  The  illustrations  are  very  clever, 
and  so  simply  drawn  that  they  can  be  easily  copied  by  children. 

Sintram  and  his  Companions.  By  La  Motte  Fouqu£.  Trans- 
lated by  A.  C.  Farquharson.  With  20  Illustrations  by  Edmund  J. 
Sullivan,  and  a Frontispiece  in  Photogravure  from  an  engraving  by 
Albrecht  Durer.  Demy  8vo,  7s.  6d.  net ; half-white  vellum, 
1 os.  od.  net. 

This  is  an  English  translation,  with  illustrations  worthy  of  its  fantastic 
original,  of  one  of  those  romances  for  which  Fouqug  was  so  famous. 
“Sintram  and  his  Companions”  is  in  many  regards  more  typical  of  its 
author’s  genius,  and  of  the  movement  of  romanticism,  than  the  better  known 
and  exquisite  “Undine.”  It  was,  moreover,  inspired  by  one  of  Albrecht 
Diirer’s  most  masterly  inventions.  This  capital  grace  of  style,  this  simple 
yet  grotesque  fantasia  of  a soul’s  tragedy,  with  the  dominant  note  of 
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Dtireresque  allegory,  artist  and  translator  have  together  laboured  to  present 
anew  to  English  readers.  The  exquisite  lyrics  have  been  done  into  the  same 
metre  with  the  original. 

English  Woodlands  and  their  Story.  By  Houghton  Townley. 
With  ioo  Illustrations  from  Photographs  by  the  Author.  Wide  Demy 
8vo,  15s.  net. 

This  book  deals  with  the  forests  of  England  as  they  exist  in  our  day,  and 
is  largely  the  result  of  a tour  of  the  royal  and  other  woodlands  in  search  of 
the  picturesque,  the  romantic,  and  the  historical.  The  author  has  made  an 
especial  study  of  artistic  woodland  photography,  and  the  hundred  full-page 
illustrations  with  which  the  book  is  embellished  will  be  found  to  be  of 
unusual  interest  to  the  forester,  the  photographic  enthusiast,  and  the  lover  of 
nature.  An  interesting  and  handsome  gift-book. 

Fiction 

Th©  Story  of  Bayard.  Founded  on  the  “ Histoire  du  bon  Chevalier 
Bayard”  by  the  “Loyal  Serviteur.”  Adapted  by  Amy  G.  Andrewes. 
With  8 Illustrations  by  V.  Lecomte.  Crown  8vo,  2s.  6d. 

Though  the  name  of  Bayard  is  so  famous,  it  is  doubtful  if,  with  the 
exception  of  his  heroism  on  the  bridge  and  his  exploits  at  the  battle  of 
Marignano,  the  stirring  incidents  of  his  life  are  as  well  known  to  young 
people  and  others  as  they  might  be.  This  relates  briefly  and  lightly  his 
life-story,  taken  not  only  from  the  pages  of  French  history,  but  also  in  great 
measure  from  the  narration  of  his  faithful  servant  and  biographer,  the 
“ Loyal  Serviteur,”  who  does  such  justice  not  only  to  the  romantic  acts,  but 
to  the  noble  character,  of  the  “Good  Chevalier.” 

Cross  and  Dagger.  The  Crusade  of  1212.  By  Wm.  Scott  Durrant, 
M.A.  With  8 Illustrations  by  Arthur  H.  Buckland.  Crown  8vo, 
3s.  6d. 

This  romance  deals  with  the  crusade  of  tens  of  thousands  of  children  to 
recover  the  Holy  Land.  The  Church  encouraged  it ; but  underlying  it  was 
a plot  by  the  “Old  Man  of  the  Mountain”  to  secure  a number  of  Christian 
youths.  Thousands  of  the  children  arrived  at  Marseilles,  expecting  the  sea 
to  open,  and  many  ultimately  embarking,  were  taken  to  Africa  and  sold 
into  slavery. 

The  whole  story  is  set  against  a background  of  history — the  quarrel 
between  Otto  iv.  and  the  Pope,  the  mission  of  St.  Francis  of  Assisi  to 
Damietta,  the  court  of  Otto’s  successor,  Frederick  II.  There  is  contemporary 
evidence,  more  or  less  direct,  for  everything. 


Methuen’s  Standard  Library 

Cloth,  is.  net ; double  volumes,  is.  6d.  net.  Paper,  6d.  net ; double  volumes,  is.  net. 

Methuen’s  Standard  Library  is  a series  of  volumes  containing  the  great  classics  of 
the  world,  and  particularly  the  finest  works  of  English  literature.  The  characteristics  of 
Methuen’s  Standard  Library  are  four : — 1.  Soundness  of  Text.  2.  Cheapness. 
3.  Clearness  of  Type.  4.  Simplicity.  The  books  are  well  printed  on  good  paper. 
Each  volume  contains  from  100  to  250  pages,  and  is  issued  in  paper  covers,  crown  8vo,  at 
Sixpence  net,  or  in  cloth  gilt  at  One  Shilling  net.  In  a few  cases  long  books  are  issued  as 
Double  Volumes  or  as  Treble  Volumes. 

“Well  printed  on  good  paper,  and  very  neatly  turned  out  in  paper  covers  at 
sixpence,  and  cloth  bindings  at  one  shilling,  with  unabridged  texts,  this  series 
cannot  fail  to  excite  the  emotion  of  astonishment  that  so  many  of  its  predecessors 
have  evoked  in  an  even  enhanced  degree.” — Times. 

“ To  put  a remarkable  achievement  in  editing  like  this  before  the  public  at  a price 
within  the  reach  of  all  is  to  do  a great  service  to  learning.  Wonderful  for  its  value  and 
cheapness.” — A thenczum. 


The  Meditations  of  the  Em- 
peror  Marcus  Aurelius.  Trans- 
lated by  R.  Graves. 

Sense  and  Sensibility.  Jane 
Austen, 


Essays  or  Counsels  Civil  and 
Moral  and  The  New  Atlantis. 

Francis  Bacon  (Lord  Verulam). 

Refigio  Medici  and  Urn  Burial. 

Sir  T.  Browne.  Text  collated  by  A.  R. 
Waller. 


46 


MESSRS.  METHUEN’S 


Methuen  s Standard  Library- — continued 


Th©  Piigfim’s  Progress.  J. 

Bunyan. 

Reflection  ©n  th©  French  Re- 
volution. E.  Burke. 

The  Poems  and  Song's  of 
Robert  Burns.  Double  Volume. 
The  Analogy  of  Religion, 
Katural  and  Revealed.  J. 
Butler. 

Miscellaneous  Poems.  T.  Chat- 

TERTON. 

The  Rowley  Poems. 

Tom  Jones.  H.  Fielding.  Treble 

Volume. 

Cranford.  Mrs.  Gaskell. 

The  Poems  and  Plays  of  Oliver 
Goldsmith. 

The  Case  is  Altered.  Ben 

JONSON. 

Every  IVlan  in  his  Humour. 
Every  Man  out  ©f  his  Humour. 
Cynthia’s  Revels. 

Poetaster. 

The  Poems  of  John  Keats. 

Double  Volume.  Text  collated  by  E.  de 
S6lincourt. 

The  Arden 

Demy  8vo, 


On  the  Imitation  of  Christ. 

Thomas  X Kempis.  Translation  by  C. 
Bigg. 

A Serious  Call  to  a Devout  and 

Holy  Life.  W.  Law. 

Paradise  Lest.  John  Milton. 
Eikonoklastes  and  the  Tenure 
of  Kings  and  Magistrates. 
Utopia  and  Poems.  Sir  T.  More. 
The  Republic  Of  Plato.  Trans- 
lated by  Sydenham  and  Taylor. 
Translation  revised  by  W.  H.  D.  Rouse. 
The  Little  Flowers  of  St.  Francis. 

Translated  by  W.  Heywood. 

The  Works  of  William  Shake- 
speare. In  Ten  Volumes. 
Principal  Poems,  1315-1813. 
Percy  Bysshe  Shelley.  With  an  In- 
troduction  by  C.  D.  Locock. 

1313-1820.  With  an  Intro- 
duction by  C.  D.  Locock. 

1821-1822.  With  an  Intro- 
duction by  C.  D.  Locock. 

The  Life  of  kelson.  R.  Southey. 
The  Natural  History  and 
Antiquities  of  Selborne.  G. 
White. 

Shakespeare 

2S.  6d,  net 


An  Edition  of  Shakespeare  in  Single  Plays.  Edited  with  a full  Introduction,  Textual 
Notes,  and  a Commentary  at  the  foot  of  the  page. 

“Take  it  all  in  all,  the  work  is  a mode!  of  ripe  and  sane  scholarship.” — Daily 

Chronicle. 

“ The  Arden  Shakespeare  commends  itself  for  its  comely  size,  its  clear  print,  its  wide 
white  margin,  and  for  the  admirable  work  which  is  put  into  the  scholarly  Notes  and 
Prefaces.  The  edition  is  a perfect  one  for  the  general  reader.” — Tribune. 


All’s  Well  that  Ends  Well.  Edited 
by  W.  O.  Brigstocke. 

Antony  and  Cleopatra.  Edited 
by  R.  H.  Case. 

Cymbeline.  Edited  by  E.  Dowden. 

Comedy  of  Errors,  The.  Edited 
by  Henry  Cuningham. 

Hamlet.  Edited  by  E.  Dowden. 

Julius  Caesar.  Edited  by  M.  Mac- 
millan. 

King  Henry  V.  Edited  by  H.  A. 
Evans. 

King  Henry  VI.  Pt.  I.  Edited  by 
H.  C.  Hart  and  C.  K.  Pooler. 

King  Henry  VI.  Pt.  II.  Edited  by 
H.  C.  Hart  and  C.  K.  Pooler. 

King  Lear.  Edited  by  W.  J.  Craig. 

King  Richard  the  Third.  Edited 
by  A.  H.  Thompson. 

Life  and  Death  of  King  John, 
The.  Edited  by  I.  B.  John. 

Love’s  Labours  Lost.  Edited  by 
H.  C.  Hart. 

Macbeth.  Edited  by  H.  Cuning- 
ham. 


Measure  for  Measure.  Edited  by 
H.  C.  Hart. 

RScrchant  of  Venice,  The.  Edited 
by  C.  K.  Pooler. 

Merry  Wives  of  Windsor,  The. 

Edited  by  H.  C.  Hart. 
Midsummer  Night’s  Dream,  A. 

Edited  by  H.  Cuningham. 

Othello.  Edited  by  H.  C.  Hart. 
Pericles.  Edited  by  K.  Deighton. 
Romeo  and  Juliet.  Edited  by  E. 
Dowden. 

Taming  of  the  Shrew,  The. 

Edited  by  R.  W.  Bond. 

Tempest,  The.  Edited  by  M.  Luce. 
Timon  of  Athens.  Edited  by  K. 
Deighton. 

Titus  Andronicus.  Edited  by  H. 
B.  Baildon. 

Troilus  and  Cressida.  Edited  by 
K.  Deighton. 

Two  Gentlemen  of  Verona. 

Edited  by  R.  W.  Bond. 

Twelfth  Night.  Edited  by  M.  Luce. 
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The  Illustrated  Pocket  Library  of  Plain  and 
Coloured  Books 

Fcap.  8vo,  3s.  6d.  net  each  volume 

A Series  of  some  of  the  famous  illustrated  books  of  fiction  and  general  literature.  These 
are  faithfully  reprinted  from  the  first  or  best  editions  without  introduction  or  notes.  1 be 
Illustrations  are  chiefly  in  colour. 

“A  really  brilliant  idea  brilliantly  carried  out." — Sphere. 

“ The  charm  of  these  little  volumes,  admirably  printed,  neatly  bound,  and  cheaply 
priced,  is  that  they  are  exact  reproductions  of  old,  now  unattainable,  editions.” — Punch. 


Coloured  Books 


Academy  for  Growh  Horsemen, 

An.  G.  Gambado. 

Adventures  of  Johnny  Kew- 
come  in  the  Navy,  The.  A. 

Burton. 

Adventures  of  a Post  Captain, 

The.  By  A Naval  Officer. 

Analysis  of  the  Hunting:  Field, 

The.  R.  S.  Surtees. 

Ask  Mamma.  R.  S.  Surtees. 

Dance  ©f  Life,  The : A Poem. 
By  the  Author  of  “ Dr.  Syntax.” 

English  Dance  ©f  Death,  The. 

By  the  Author  of  “Dr.  Syntax.”  Two 
Vols. 

English  Spy,  The.  B.  BlACK- 

MANTLE.  Two  Vols. 

Gamonia;  or,  the  Art  of  Preserving 
Game.  L.  Rawstorne. 

Handley  Cross.  R.  S.  Surtees. 

History  of  Johnny  Quae  Genus, 

The  : The  Little  Foundling  of  the  late 
Dr.  Syntax.  By  the  Author  of  “ The 
Three  Tours.” 

Jorrocks’  Jaunts  and  Jollities. 

R.  S.  Surtees. 

Life  and  Death  of  John  Nlytton, 
Esq.,  The.  Nimrod. 

Life  of  a Sportsman,  The. 

Nimrod. 


Life  in  London;  or,  The  Day  and 
Night  Scenes  of  Jerry  Hawthorne,  Esq., 
and  his  Elegant  Friend,  Corinthian  Tom. 
P.  Egan. 

Life  of  an  Actor,  The.  P.  Egan. 
fVillitary  Adventures  of  Johnny 
Newcome,  The.  By  An  Officer. 
fi/Br.  Sponge’s  Sporting  Tour. 

R.  S.  Surtees. 

National  Sports  of  Great 
Britain,  The.  H.  Alicen. 

Old  Coloured  Books.  G.  Pasten. 
2s.  net. 

Old  English  Squire,  The : A Poem. 

J.  Careless. 

Real  Life  in  Breland;  or,  The  Day 

and  Night  Scenes  of  Brian  Boru,  Esq., 
and  his  Elegant  Friend,  Sir  Shawn 
O’Docherty.  By  A Real  Paddy. 

Real  Life  in  London;  or  The 
Rambles  and  Adventures  of  Bob  Tallyho, 
Esq.,  and  his  Cousin,  Tom  Dashall.  P. 
Egan.  Two  Vols. 

Tour  of  Dr.  Syntax  in  Search 
of  the  Picturesque,  The.  W. 

Combe. 

Tour  of  Dr.  Syntax  in  Search 
of  Consolation,  The.  W.  Combe. 
Third  Tour  of  Dr.  Syntax  in 
Search  of  a Wife,  The.  W. 

Combe. 

Vicar  of  Wakefield,  The.  O. 
Goldsmith. 


Plain 

Compleat  Angler,  The.  I. 

Walton  and  C.  Cotton. 

Frank  Fairlcgh.  F.  E.  Smedley. 
Grave,  The  : A Poem.  R.  Blair. 
Handy  Andy.  S.  Lover. 


Books 

Illustrations  of  the  Book  of 
Job.  W.  Blake. 

Pickwick  Papers,  The.  Charles 
Dickens. 

Tower  of  London,  The.  W.  H. 

Ainsworth. 

Windsor  Castle.  W.  H.  Ains- 
worth. 
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The  Little  Library 

With  Introductions,  Notes,  and  Photogravure  Frontispieces 
Small  pott  8vo,  gilt  top.  Each  volume,  cloth,  is.  6d.  net ; leather,  2s.  6d.  net 
A Series  of  small  books  containing  some  of  the  famous  works  in  English  and  other 
literatures,  in  the  domains  of  fiction,  poetry,  and  belles  lettres.  The  series  also  contains 
volumes  of  selections  in  prose  and  verse.  The  books  are  edited  with  the  most  scholarly 
care.  Each  one  contains  an  introduction  which  gives  (i)  a short  biography  of  the  author  ; 
(2)  a critical  estimate  of  the  book.  Where  they  are  necessary,  short  notes  are  added  at  the 
foot  of  the  page. 


Anon. — A Little  Book  of  English 
Lyrics. 

Austen  (Jane).- Pride  and  Preju- 
dice. Two  Vols. 

Northanger  Abbey. 

Bacon  (Francis). — The  Essays 
or  Counsels  Civil  and  Moral. 

Barham  <R.  H.). — The  Ingoldsby 
Legends.  Two  Vols. 

Barnett  (Mrs.  P.  A.). — A Little 

Book  of  English  Prose. 

Backford  (William). — The  His- 
tory of  the  Caliph  Vathek. 

Blake  (William). — Selections 
from  the  Works  of  William  Blake. 

Borrow  (George).  — Lavengro. 
Two  Vols. 

The  Romany  Rye. 

Browning  (Robert).— Selections 
from  the  Early  Poems  of  Robert 
Browning. 

Canning  (George).  — Selections 
from  the  Anti-Jacobin. 

Cowley  (Abraham).  — Several 
Discourses  by  Way  of  Essays  in 
Verse  and  Prose. 

Crab  be  (George).  — Selections 
from  the  Poems  of  George  Crabbe. 


Craik  (Mrs.).  — JOHN  HALIFAX, 
Gentleman.  Two  Vols. 

Ci’ashaw  (Richard). — The  Eng- 
lish Poems  of  Richard  Crashaw. 
Dante. — The  Inferno  of  Dante. 
The  Purgatorio  of  Dante. 

The  Paradiso  of  Dante. 

Barley  (George).  — Selections 
from  the  Poems  of  George  Darley. 
Deane  (A.  C.). — A Little  Book 
of  Light  Verse. 

Dickens  (Charles).  — Christmas 
Books.  Two  Vols. 

Ferrier  (Susan). — Marriage.  Two 
Vols. 

The  Inheritance.  Two  Vols. 

Gaskell  (wars.)— Cranford. 
Hawthorne  (Nathaniel).  — The 

Scarlet  Letter. 

Henderson  (T.  F.).  — A Little 

Book  of  Scottish  Verse. 

Keats  (John). — Poems. 

Kinglake  (A.  W.).— Eothen. 
Lamb  (Charles).— Elia,  and  the 
Last  Essays  of  Elia. 

Locker  (F.). — London  Lyrics. 
Longfellow  (H.  w.).— Selections 
from  the  Poems  of  H.  W.  Long- 
fellow. 


Books  on  Business 

Crown  8vo,  2s.  6d.  net 

A Series  dealing  with  all  the  most  important  aspects  of  commercial  activity. 

“Short,  pithy,  simple,  and  well  informed,  and  written  by  men  of  acknowledged 
authority,  these  books  are  equally  interesting,  whether  the  reader  knows  something  or 
nothing  of  the  subject.” — Manchester  Guardian. 


Automobile  Industry,  The.  G. 

de  Holden-Stone. 

Brewing  Industry,  The.  J.  L. 

Baker.  Illustrated 

Business  of  Advertising,  The. 

C.  G.  Moran. 

Business  Side  of  Agriculture, 

The.  A.  G.  L.  Rogers. 

Business  Side  of  Insurance; 

The.  A.  J.  Wilson. 

Civil  Engineering.  T.  C.  Fidler. 
Cotton  Industry  and  Trade, 
The.  S.  J.  Chapman. 

Electrical  Industry,  The : Light- 
ing, Traction,  and  Power.  A.  G.  Whyte. 
Iron  Trade  of  Great  Britain, 
The.  J-  S.  Jeans. 


Law  in  Business.  H.  A.  Wilson. 
Mining  and  Mining  Invest- 
ments. “A  Moil.” 

Money  Market,  The.  F.  Straker. 
Monopolies,  Trusts,  and  Kar- 
tells. F.  W.  Hirst. 

Ports  and  Docks.  DOUGLAS 

Owen. 

Railways.  E.  R.  McDermott. 
Shipbuilding  Industry,  The:  Its 

History,  Practice,  Science,  and  Finance. 
D.  Pollock. 

Stock  Exchange,  The.  C. 

Duguid. 

Trade  Unions.  G.  Drage. 


METHUEN  & CO.  LTD.,  36  Essex  Street,  London,  W.C. 
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